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CORUECTION. 


Ik article 29. B, page 34, when treating of the great augmentation of the friction of 
cords coiled round cylinders, it is affirmed that ** the practical result differs only hi a 
small degree from this result of an assumed theory.” But the assertion must be greatly 
modified. Mr. B. Bevan^ an ingenious and scientific engineer, has subjected the point 
to the test of experiment, and his results have been published in the Mechanie\ Ma-^ 
gazlne^ as below ; — 


1st, He took a cord of 392 feet to the pound, to which he attached a weight of one 
pound, and applied it to a cylinder of dry ash-wood, turned in a lathe I ‘75 inches’ 
diameter, and ascertained the force of traction necessary to raise this single pound 
weight, and found when the cord was in contact with half the circumference of the 
cylinder, the force required was - - • 2 lbs. 

at one and a half turns - - 13 

at two and a half - • 31 

at three and a half - - 60 
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2nd. He tlien tried, upon thesameash cylinder, anotherline, very flexible, of 92 feet 
to the pound, loaded with one pound, as before, and the force of traction observed was, 
Athalfaturn - - - 2^1bs. 

one and a half turns - - 10 

two and a half - - * SO 

three and a half - •• " S3 

Si He next toot the line of 92 feet to the pound, loaded with one pound, upori a 
cylinder of east iron, rough from the foundry, of 4*5 inches diameter, and found the 

traction tobe, e* 

Athalfaturn - - - o lbs, 

one and a half 

4tii. Applied the same line to a cylinder of cast iron, turned but not polished, of one 

incli diameter, and found the traction to be, 

Athalfaturn - - - lbs. 

oneandahalf - - - 8 

two and a half - . - 23 

three and a half •« - - 56 

^th. Upon the same cylinder he tried a new stiff cord of 114 feet to the pound, 

ami found the traction, 

Athalfaturn - - - 2 lbs. 

one and a half - « > 6 

two and a half ~ 

three and a half - - - 89 

6th. His next experiment was upon a glass cylinder, of *95 inch diameter, with the 
above-named toiWe line of 92 feet to the pound, and found the traction, 
Athalfaturn • - - 4 

oneandahalf - - • 3 

two and a half - « - 5^ 

three and a half - - - 13 

nh. Upon a glass cylinder of -95 inch diameter (as ia experiment 6th), be used the 
sltff cord employed in experiment 5th, and found the traction, 

Athalfaturn « - - IJlbs. 

oneandahalf - - - 

two and a half - - - 4 

three and a half « - - 6^ 

four and a half - - - 11 

8th. He then applied the line used in experiment 2nd to a glass cylinder of four inches 
diameter, loaded with the same constant weight of one pound, and found the traction, 
Athalfaturn - - - If lbs. 

one and a half - - - 4 

two and a half - « - 9 

I have tried a few experiments of a similar kind, in my own lectures on friction, and 
find them to accord very nearly with those of IVfr. Bevan. *lhe following is one of the 
results. I took a piece of patent white rope, feet long, circumference M inch, and 
coiled it over a piece of deal rod 1*3 inch diameter j at one end a weight of 1 pound was 
hung, at the other end the weights retjuired just to produce motion were, 
Athalfaturn - - - 2 Jibs, 

oneandahalf - - - 14 

two and a half • . 

three and a half - - - 84 




REMARKS ON MACHINERY IN GENERAL. 

1. Mechanics, according to the original import of the word, 
treats of the energy of Machines: and these machines are 
nothing more than orga7ia^ or tools, interposed between the 
workman, or natural agent, and the task to be accomplished, 
in order to render that work capable of being performed, which 
under the limits and circumstances proposed would have been 
difficult, if not impossible, without the intervention of some of 
these contrivances. 

Machines are interposed, as was remarked (art. 379. vol. L), 
chiefly for three reasons. 1. To accommodate the direction of 
the moving force, to that of the resistance which is to be over- 
come. To render a power which has a fixed and certain 
velocity efficacious in performing work with a different velocity. 
3. To enable a natural power, having a certain deterniiiiate 
intensity, to balance or to overcome anotlier power or obstacle, 
whose intensity or resistance is greater. Each of these purposes 
may be accomplished in different ways : L ^. either by machines 
whicli have a motion round some fixed and supported point, 
as the lever, the pulley, and the wheel and axle ; or by those 
which, instead of being supported by a fixed •pomt, about which 
they move, furnish to the resistance, or body to be moved, a 
solid path, along which it is impelled, as the inclined plane, the 
wedge, and the screw. Compound machines are peculiar com- 
binations of these six, of which we have treated individually in 
the first book of our first volume : some remarks likewise upon 
their combination have been given in Book 1. Chap. IV. art. 
161. and Book IL Chap. VL And we have treated of the 
strength of the materials of which machines may be composed, 
in Book I. Chap. V. Such farther observations as appear ne- 
cessary to complete a theoretical and practical knowledge of 
Machmery in general, previous to our alphabetical description 
of particular machines, will now be presetited to the student. 
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V 'Siibplicity construction of machines cannot be too 

warmly .'recommended to the young engineer : for multiplicity 
of parts £ftid of motions increases the expense of erection, aug- 
ments the friction, and multiplies the danger of failure by the 
bending or by the inaccurate adjustment of the parts. In 
consequence or the effects of friction (of which we shall speak 
more fully, art. 24, &c.), it is well known to all engaged in the 

! practice of mechanics, that by no combination of wheels, or 
evers, or other powers, can one weight be made to move an- 
other with a greater or even an equal momentum : and by the 
multiplication of wheels, jevers, &c. the effect of the machine, 
instead of being increased, is diminished in proportion to the 
augmented friction of the moving parts. Hence it follows that, 
in practice, effect is lost by mechanical combination, but gained 
by simplification ; and that the most perfect machine is that 
which operates by the fewest moving parts. In order to con- 
trive a simple machine to be theoretically equivalent in power 
to a complex one, the following rule may be observed : Con- 
struct the various parts of the simpler machine so that the ve-* 
locity of the impelled point (art. 365.) shall be to that of the 
working point, in the same ratio as they are & the compound 
machine; then will the effects of these two machines be the 
same, so far as depends upon pure theory: but in practice the 
simpler will be the more efficacious, in consequence of the di- 
minution of friction. 

3. For an example, suppose the compound machine, fig. 1 . 
pL II, were to be proposed, in order that a more simple one 
might be constructed to perform the same work. Let ca, the 
lever to which the power is applied, be 10 feet, de 5 feet in 
diameter, EF =z 2 feet, hi r: 3 feet, gh z:: 5 feet, and kl rz 
1 foot, the latter being the cylinder on which the rope raising 
the weight w folds. Now the diameter of the circle described 
by the power at a is 20 feet: and to find the diameter of the 
circle whose circumference is equal to the space passed over by 
w in one revolution of the lever ca, reduce the following frac- 

tloD, viz. ^ X ™ x Z= X I = ^^of 2 ac ; conse- 

quendy the velocity of the weight is ^ of that of the power. 
And hence, if upon the vertical axis cm (fig. 2. pi. II.) a wheel 
be fixed, the diameter M of which is equal to 4 a feet (that is, 
of 2ac), the weight w will be raised the same heiglit by the 
simple as by the compound machine, at every revolution of the 
power A. Jo that, the simple machine acmW, will be at least 
eqiial in effect to the compound one acmbefghiicl, and the 
wheels BE, ef, OH, HI, and kl, are extraneous, and probably 
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4. For another example take the following. In the common 
wheel and axle, the ad vantage gained is in the ratio of the radius 
of the winch to that of the barrel : so that when it is proposed to 
increase that advantage, either the handle must be lengthened, 
or the diameter of the axle diminished ; neither of which, how- 
ever, is practicable beyond certain imits, because the handle 
might be too long for conveitient management, or the axle too 
slender to support the load : in such cases it is usual to annex 
another wheel or pinion, or a tackle of pulleys. But the fol- 
lowing construction is greatly preferable. In fig. 7. pL I, the 
part A of the barrel is larger than the part b, and the rope 
which passes under the pulley c and sustains the weight n is 
wound upon each in contrary directions. Whenever, therefore, 
the handle ef is turned, so as to gather the rope upon the larger 
cylinder, it will be given olf by the smaller : and for every turn 
of the larger, or its correspondent portion of rope wound up, 
there will be given off a portion oi rope answering to the cir- 
cumference of the smaller. Consequently, the quantity of un- 
wound rope will be less after such a turn, by a portion equal to 
the difference between the circumferences of the two cylinders ; 
and the weight d will be raised through half that space. 
Whence, since the radu of circles are as their circumferences, 
we may use this analogy ; 

As the radius of the winch, 

To half the difference of the radii of the cylinders ; 

So is the weight, 

To the power balancing it 

In fig. 8. is exhibited a simple capstan in which the same 
contrivance is adopted. Here, if the upper barrel a were 17 
inches diameter, and the lower b 16 inches, the pulley c being 
also 16 inches diameter; this simple capstan would be equiva- 
lent to an ordinary capstan of the same length of bar ef, and 
diameter of barrel b, combined with a 16-fold tackle of pulleys ; 
and at the same time free from the great loss by friction and 
bending of ropes, which would absorb at least a third of the 
power of a 16-fold tackle. 

One peculiar advantage of this engine is, that the half differ- 
ence of the radii of a and b may be diminished ad with- 

out weakening the cylinder, increasing the friction, or requiring 
any rapid curvature of the rope. This windlass has likewise the 
peculiar property of holding the weight at any part of its rise 
or fall without needing a rachet wheel and catch. Its only 
practical disadvantage is, that a great quantity of rope must be 
used to produce a moderate ch^ange in the position of the 
weight; but the quantity of rope will be much less than what 
is requisite for an equivalent tackle of pulleys. This ingenious 
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contrivance is generally ascribed to the celebrated George EeJc-^ 
hardt^ and he probably invehted it without knowing that it 
had been used elsewhere : but we have seen a figure, from 
which our figure 8. is merely a copy, in some Chinese drawings 
of nearly a century old. 

5. The methods of communicating motion from one thing to 
another, or from one point to anojher, are almost infinitely di- 
versified : so that it will not be expected that they should all be 
described here. It is manifest that the communication of mo- 
tion will in different circumstances be better effected by means 
c£ one simple machine (or, as they are usually called, mechanical 
power), than by^nother ; and much of the skill of the engineer 
consists in choosing the instrument most proper for the purpose 
proposed: and the same will be the case with regard to more 
complex machines. In some instances a simple lever, or a 
simple unbent cord, will answer better than any combination : 
in others it may be highly advantageous to use a combination 
of levers acting upon each other, by means of so many fulcra ; 
and by these i\\Q direction may be changed at pleasure : in 
others, as when motion is communicated to a series of wheels 
mid axles in succession, it may be effected by a rope running 
in grooves round one wheel and the succeeding axle ; or by 
what was described in vol. 1. art. £46. under the name of tooth 
and pinion work: in others again, by a barrel and winch with 
an endless screw. And many other contrivances will readily 
suggest themselves to an ingenious artist. See article seventh, 
Viudet Surf ace^^laning machinery^ in this volume. 

6. But such rimple methods cannot alway s be adopted. Thus 
when it is required means of a rotatory motion to produce 
a reaprocating one^ as the alternate motion of the pistons of 
pumps, for example; one of the following contrivances may be 
used. To a vertical shaft as ap (fig. 6. pi. II.) fix a large ho- 
rizontal wheel MOin, the lower part of which is indented in 
waves Mso, oai, &c. of which the constituent arches are either 
circular or parabolic. On a convenient point d of an upright 
post as a centre of motion, let a lever edc move ; one end of 
It carrying the moveable vertical wheel cr, in size properly 
adjusted to the waves of the horizontal wheel; the other ep 
being a circular arc to which is applied the chain eo of the 
pump. Then whilst the great wheel is turned by the lever 
NA from o towards r, the wave q presses down the wheel qr, 
and raises the end e of the lever, and thus draws up the water 
in the pump g. But when the deepest part o of the wave is 
past the highest part of the wheel cr, the wheel rises up into 
the hollow s, and so the chain eo descends till the next wave 
raises it again. Thus the passage of every wave by the wheel 
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CR causes a stroke of the pump If the number of waves be 
odd, and another pump wheel and lever be placed diametrically 
opposite on the other side of the great wheel; then these two 
levers acting by turns, will keep the motion tolerably uniform, 
and the power at n will have nearly a uniform action. The 
wheel CE is introduced for the sake of softening the friction: 
but it must be carefully adjusted to the magnitude of the waves, 
or else the motion will be hobbling and irregular. On this ac- 
count the following method of obtaining a reciprocating motion 
is more usual. 

^ Instead of making the axis a b (fig. S. pi. II.) in one con- 
tinued straight line, let it be bent at right angles in the points 
d, g, h, &c. so that the portions gA, shall be parallel 
to AB, and In the course of a rotation of the lantern or trundle 
EF, they will describe cylindrical surfaces: if, then, pistons 
and their handles ib, ib, be hung upon the cranks i, i, as the 
rotatory motion of the trundle ef (when worked by another 
wheel) proceeds, the pistons are alternately forced up and down 
in the pumps; and thus make one complete stroke of each 
pump for every turn of the lantern. It will be advisable to place 
pulleys or rollers at a, b, h, for the handles or chains to woric 
against, when the obliquity of th^ motion of tbe cranks i, i, 
carries them out of the vertical position. 

Other methods of obtaining reciprocating by means of cir- 
cular motions may be seen under the articles Air-pump and 
Sato^mill See also pi. XXXVIII. and XXXIX. ^ 

7. To produce a rotatory motion by means of a reciprocating 
one. Suppose it is required to give to the wheel ^vxo (fig. 4. 
pi. II.) a rotatory motion about the centre c. In the plane of 
the wheel, attach to a fixed point f as a centre of motion a 
lever fo, which may move freely up and down : let a pin be 
fixed in the wheel as at r; and let an inflexible bar qr hang 
upon the pin at R at one end, while the other end is attached 
to the lever Fa by a stirrup; the motion being quite easy at 
both ends. Then, while the point a is raised upwards, the bar 
pulls upwards the pin R, and so continues to do until the points 
a, R, and c, fall in a right line; at that time the effort of the 
bar to turn the wheel is nothing ; but the wheel by its anterior 
rotation has acquired a quantity of motion which will carry it 
on in the same direction, till by the downward motion of the ex- 
tremity a of the lever, the bar begins to push forward the pin 
to which it is attached: thus the motion is continued till the 
points ct, c, and R, are again in a right line, r being now the 
farthest from a : in this position the bar has no tendency to 
move the wheel along ; but here the effort of momentum con- 
tinues the motion, till the bar begins to draw the point 
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E upwards. And thus e ii^eciprocating motion of the lever fr 
gives a complete rotation to the wheel ; and the velocity of the 
circumference of the wheel may be made as rapid as we please, 
by making the distance ce so much the smaller in comparison 
of cv. If the lever Fn be below the wheel, the general effect 
will be the same, but the particular circumstances of the mo- 
tion will succeed each other in a contrary order. In practice it 
is common to substitute for the pin at r the handle of a bent 
winch, as represented by the dotted lines in the figure. It is 
not absolutely necessary that the lever and wheel should be in 
the same plane ; but deviations from it are not often to be re- 
commended, except in small machinery, such as a common 
spinning wheel worked by the feet, &c. When it is not re- 
quired to have a complete rotation of the wheel, for every 
ascent and descent of the lever fo, we may change the relation 
of the two motions in any proportion, by the intervention of 
tooth and pinion work. 

S, To describe a rectilinear reciprocating motion^ by means 
of an angular or circular reciprocating motion. Let it be pro- 
;psed, for example, to move the end f of the beam fh to and 
fro in the line ec. Fix a beam ab (fig. 9. pi. I.) perpendicularly 
to the given line EC, and cut in that beam a groove cn equal in 
length to the beam fh : let the end ii of the beam fh be con- 
fined by a pin to run along the groove cb ; and let two other 
pins be fixed, one at e the middle point of the beam fh, the 
other at c the lower point where the reciprocating motion of 
the point f terminates; take an iron bar go equal in length to 
half FH, and let it move upon the pins c and a as joints. Then 
while the end g of the bar or guide cc moves through the 
quadrantal arc Lg gk ; the point h of the beam will slide along 
the groove from j> to c, and the point f along the line ce from 
c to E : and when the guide returns from k by g to n, the end 
F of the beam will return along the line ec. For, when cg zr 
OF zr GH, supposing a line drawn from c to f, the angle fgc zr 
GCH -h GHC = 2gch; and cgh zz gcf gfc zr ^gci? Hence 
we have 2 gcf -j- £ gch :;z: fgc -f hgc zz £ right angles, and 
consequently gcf 4- gch zz hcf zz 1 right angle; that is, the 
pomt F falls in a right line drawn through c at right angles to 
CD. And when fh is in any other position, as the same 
may be shown. 

9. To commtmicate motim in any direction by wheels^ and to 
corntmet the wheels far that purpose. This may be done bv 
placing the wheels so that their shafts or axles shall be inclined 
ni given angles, as represented in figs. 1. and 7. pi. HI. And 
in tins case the wheels are seldom portions of cylinders, but 
most commonly portions of cones. When the wheels do not 
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make an angle of 90% the adjustment of the shape and 
magnitude of the conic frustums which constitute the wheels 
is known among millwrights by the name of bevehgeer work ; a 
concise account of which is here added. If two cones a and b 
(fig. 2. pL II L), whose surfaces always touch in a right line, as 
ae^ revolve on their axes rolling the one upon the other ; 

and if the bases and altitudes of these cones be equal, they will 
perform complete revolutions in one and the same time. For 
since the bases and altitudes are equal, circles on either cone 
parallel to the base, and at equal distances from the vertex, as 
the distances a2,a% for instance, will be equal: and therefore, 
while the surfaces of the cones roll one upon another, every 
point in the circumference of one of these circles will be brought 
successively into contact with a corresponding point on the cir- 
cumference of the other, and they will both have revolved 
in an equal time. The same will hold of the corresponding 
circles at any other equal distances from the vertex, al, 

&c. and consequently the two cones will perform their rotations 
in equal times. 

Again, if the cone ade (fig. 3. pL III.) have the diatneter of 
its base double that of the cone while their slant heights 
are the same ; and if these two cones turn on their axes ac, 
their surfaces during the rotation always touching one another 
in a right line; then, since the circumference of the base de is 
double that of the base 4/? ^^wd the circumference of every cir- 
cular section parallel to the former base, double that of every 
corresponding section parallel to the latter base, it follows that 
when the cone qfd has performed one rotation, the cone ode 
will have made but half a rotation. The times of rotation 
being in the ratio of their bases* 

In like manner, if the cone aed, (fig. 4. pi. III.) have the 
diameter of its base, to the diameter of the base of adf^ as m 
to n,the slant heights being the same; and if these cones turn 
upon their axes a6, their surfaces being always in contact 
in some right line as ad; then will the time of a complete ro- 
tation of the cone aed^ be to the time of rotation of as m 
to n; and consequently the number of rotations of the former 
cone to the number of rotations of the latter in any given time, 
as n to m. And if these cones were fluted, the flutes diverging 
continually from the apex a Xo the base, they would become 
conical wheels, and constitute 

10. Thus, if b 5 and bcZ (fig. 5. pT. III.) be the bases of two 
cones turning on their axes, having teeth cut in them diver^ng 
from the common vertex a to those bases, such teeth will work 
freely into one another from one end to the other : but, as such 
teeth would be very difficult of adjustment towards the point a, 
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and because in practice the two axes could not both be properly 
fixed to one and the same point ; it is necessary to cut oiF a 
. portion, as afe, from the upper part of both cones, and apply 
the axles to the lower parts in the same manner as in common 
wheels. ^ The great advantages of these conical wheels are, 
that their teeth may be made of any breadth, according to the 
stress they^ are to sustain ; and that the friction will be small 
in comparison of that occasioned by most other methods of 
communicating motion in oblique directions. 

11. Now, to determine the dimensions two conical wheels 
to communicate motion in any obUque angle, the following 
graphic method may be used. Suppose ab (fig. 6 . pi. III.) to 
represent the shaft or axle of one wheel, and de the axle of 
another wheel, the angle^a: in which they intersect each other 
being equal to the angle in which the motion is proposed to be 
communicated : let it be required for the -shaft de to revolve m 
times while the shaft ab revolves n times; and let the line ii 
be drawn parallel to de at a distance equal to the radius of the 
ba® of the wheel whose axle is de. Then draw a line Me pa- 
rallel to and at a distance 340 - from it, which shall be to the 
distance as m to n: through x the point of intersection of 
the lines first proposed, and^f the intersection of the two lines 
ii, ArXr, rMpectively parallel to the two former, draw the line 
which will be the pitch line of the two conical wheels, or 
the line imwhich the teeth of those wheels act upon one an- 
other ; and will represent the exterior radii of the 

wheels, which will work one against the other after the manner 
shown in fig. 7, where the corresponding parts are marked by 
the same letters.; A tliird shaft and wheel may easily be' ap- 

e u motion in a different direction from either 

ottheformer: as the shaft and wheel rsfo in fig. 7 . 

It IS manifest from what is done above, that this is nothing 
more than to divide an angle bxh into two parts whose sines 

^ to ^ = a well-known problem 

which solved algebraically gives the theorem, 2 sm fgxy = 

2 sin I gxh • {Simpson's Select Exercises, p. 1 S 8 .) So 

^ i required here may be easily calculated, when 
necessary, by the common rules of plane trigonometry. 

used ■ (invented by Dr. Hooke) are sometimes 

fiA A j ^^pi’^sents a single universal joint which 

siiafisimA 1 “^ “ ”!>> equal velocity. *The 

3 nig both connected with a cross, will move on 
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the rounds at the point ch and df, and thus if the shaft; a is 
turned round, the shaft b will likewise turn with a similar mo- 
tion in its respective position. 

The double universal joint (fig. 9- ph HI*) conveys motion in 
dilFerent directions when the angle is between 50 and 90 de- 
grees. It is at liberty to move on the rounds at the points g, 
H, I, K, connected with the shaft b ; also on the points l, m, n, 
T, connected with the shaft a ; thus the two shafts are so con- 
nected that one cannot turn without causing the other to turn 
likewise. These joints may be constructed by a cross of iron, 
or with four pins fastened at right angles upon the circum- 
ference of a hoop or of a solid ball: they are of great use in 
cotton mills, where the tumbling shafts are continued to a great 
distance from the moving power : for by applying a universal 
joint, the shafts may be cut into convenient lengths, and so be 
enabled to overcome a greater resistance. 

13. Wlien the member of teeth in emh <^iwo wheels is 

and the diameter of one of tJiem^ the diameter of the other should 
he so jotmd that one wheel7nay d;rwe the other withotit shaking : 
and for this purpose there will be a different proportion of dia- 
meters or of radii, according to the number of teeth which are to 
be in contact. Let ade, bdf (fig. 10. pL III.) represent por- 
tions of the wheels, c the point where the teeth ought first to 
come into contact: draw CD perpendicular to ab the right line 
joining the centres of the wheels; and if this be reckoned the 
radius, cb will be the secant of the angle dcb, and ac the se- 
cant of the angle ncA. Consequently, cb : ca : : secant dcb : 
secant dca : ; cosec. dbg : cosec. dac. But, the number of 
teeth in each wheel being given, the angles dbg, dac, vary as 
half the number of teeth in contact. Therefore, divide the arch 
of the semicircle, or 180 degrees, by half the number of teeth 
in each wheel, and proportion the radii of the wlieel to the co- 
secants of the quotients, or of double, or of treble the quotients, 
according to the depth of the wheels running, viz. according as 
they are to have two, four, or six teeth, in contact; so shall the 
motion be regular and free from shaking. 

In art. 147. of the first volume, we described the best forms 
for the teeth of wheels : in many cases, however, a small devia- 
tion from these perfect forms is not of great importance. But 
in cases where the utmost accuracy is required, as in the pallets 
of clocks and watches, the form of the teeth must be carefully 
attended to. See the article Teeth in this volume, 

14. To regulate any motion and make it uniform^ one of the 
most obvious methods is that by means of a pendulum and scape- 
meiit. Thus, (fig. 5* pi. IL) as the pencfulum ab vibrates, it 
causes eFO to vibrate also, about the axis fg : whilst the pen- 
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dulum vibrates towards b, a tooth of the wheel kl goes off the 
pallet I, and another catches the pallet H : and when the pen- 
dulum returns towards c, it draws the pallet h off the tootli, and 
another catches the pallet i ; and so on alternately- So that, at 
every vibration of the pendulum, a tooth goes off one or other 
of the pallets: and, as the vibrations of the pendulum are iso- 
chronous, the teeth move from the pallets uniformly, the whole 
rotation of the wheebKL is made regularly, and by reason of the 
connexion of the teeth and pinions the descent of w is uniform, 
which would otherwise have been accelerated. See Scapements. 

15. Professor Eobison has given some general observations 
on the construction of machines, and on the regulating of their 
motions, which appear highly worthy of the reader’s attention, 
and are therefore extracted, as below. 

When heavy stampers are to be raised, in order to drop on 
the matters to be pounded, the wipers by which they are lifted 
should be made of such a form, that the stamper may be raised 
by a uniform pressure, or with a motion almost perfectly uni- 
form. If this is not attended to, and the wiper is only a pin 
sticking out from the axis, the stamper is forced into motion at 
-once. This occasions violent jolts to the machine, and great 
strains on its moving parts and their points of support ; whereas 
when they are gradually lifted, the inequality of desultory motion 
is never felt at the impelled point of the machine. We have 
seen pistons moved by means of a double rack on the piston-rod. 
A half wheel takes hold of one rack, and raises it to the required 
height The moment the half wheel has quitted that side of 
the rack, it lays hold of the other side, and forces the piston 
down again. This is proposed as a great improvement ; cor- 
recting tlie unequable motion of the piston moved in the com- 
mon way by a crank. But it is far inferior to the crank motion. 
It occasions such abrupt changes of motion, that the machine is 
shaken by jolts. ^ Indeed if the movement were accurately ex- 
ecuted, the machine would be shaken to pieces, if the parts did 
not give way by bending and yielding. Accordingly, we have 
always observed that this motion soon failed, and was changed 
for one that was more smooth. A judicious engineer will avoid 
all such sudden changes of motion, especially in any ponderous 
part of a machine. 

When several stampers, pistons, or other reciprocal movers^ 
arc to be rmsed and depressed, common sense teaches us to 
distribute their times of action in a uniform manner, so that the 
machine may always be equally loaded with work. When this 
is done, and the observations in the preceding paragraph attended 
to, the machine may be^ made to move almost as smoothly as if 
there were no reciprocations in it. Nothing shows the ingenuil|f 
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of the author more than the artful'jet simple and effectual con- 
trivances for obviating those difBcul ties that unavoidably arise 
from the very nature of the work that must be performed by 
the machine, and of the power employed. 

16. There is also great room for ingenuity and good choice 
in the management of the moving power, when it is such as 
cannot immediately produce the kind of motion required for 
effecting the purpose. We mentioned the conversion of the 
continued rotation of an axis into the reciprocating motion of a 
piston, and the improvement which was thought to have been 
made on the common and obvious contrivance of a ci’ankjby 
substituting a double rack on the piston-rod, and the incon- 
venience arising from the jolts occasioned by this change. We 
have seen a great forge, where the engineer, in order to avoid 
the same inconvenience arising from the abrupt motion given to 
the great sledge hammer of seyen hundred weight, resisting with 
a five-fold momentum, formed the wipers into spirals, which 
communicated motion to the hammer almost without any jolt 
whatever ; but the result was, that the hammer rose no higher 
than it bad been raised in contact with the wiper, and then 
fell on the iron bloom with very little effect. The cause of 
its inefficiency was not guessed at ; but it was removed, and 
wipers of the common form were put in place of the spirals. 
In this operation, the rapid motion of the hammer is absolutely 
necessary. It is not enough to Irft it up ; it must be tossed up, 
so as to fly higher than the wiper lifts it, and to strike with great 
force the strong oaken spring which is placed in its way. It 
compresses this spring, and is reflected by it with a considerable 
velocity, so as to hit the iron as if it had fallen from a. great 
height. Had it been allowed to fly to that height, it would 
have fallen upon the iron with somewhat more force (because 
no oaken spring is perfectly elastic) ; but this xvould have re- 
quired more than twice the time. 

17. In employing a power which of necessity reciprocates, to 
drive machinery which requires a continuous motion (as in ap- 
plying the steam engine to a cotton or a grist mill), there also 
occur great difficulties. The necessity of reciprocation in the 
first mover wastes much power; because the instrument which 
communicates such an enormous force must be extremely 
strong, and be well supported. The impelling power is wasted 
in imparting, and afterwards destroying, a vast quantity of 
motion in the working beam. The skilful engineer will attend 
to this, and do his utmost to procure the necessary strength of 
this first mover, without making it a vast load of inert matter. 
He will also remark, that all the stniins on it, and on its sup- 
ports, are changing their directions in every stroke. This re- 
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quires particular attention to the manner of supporting it. If 
we observe the steam engines which have been long erected, 
we see that they have uniformly shaken the building to pieces. 
This has been owing to the ignorance or inattention of the en- 
gineer in this particular. They are much more judiciously 
erected now, experience having taught the most ignorant that 
no building can withstand their desultory and opposite jolts, 
and that the great movements must be supported by a frame- 
work independent of the building of masonry which contains 
it^. . ^ 

The engineer will also remark, that when a single-stroke 
steam en^ne is made to turn a mill, all the communications of 
motion change the direction of their pressure twice every stroke. 
During the working stroke of the beam, one side of the teeth of 
the intervening wheels is pressing the machinery forward ; but 
during the returning stroke, the machinery, already in motion, 
is dragging the beam, and the wheels are acting with the other 
side of the teeth. This occasions a rattling at every change, 
and makes it proper to fashion both sides of the teeth with the 
same care. 

It will frequently conduce to the good performance of an en- 
gine, to make the action of the resisting work unequable, ac- 
commodated to the inequalities of the impelling power. This 
will produce a more uniform motion in machines in which the 
momentum of inertia is inconsiderable. There are some beau- 
tiful specimens of this kind of adj ustment in the mechanism of 
animal bodies. 

18. It is very customary to add what is called a Fny to ma- 
chines. This is a heavy disk or hoop, or other mass of matter 
balanced on its axis^ and so connected with the machinery as to 
turn briskly round with it. This may be done with the view of 
rendering the motion of the whole more regular, notwithstand- 
ing unavoidable inequalities of the accelerating forces, or of the 
resistances occasioned by the work. It becomes a Regulator, 
Suppose the resistance extremely unequal, and the impelling 
power perfectly constant ; as when a bucket wheel is employed 
to work pump. When the piston has ended its working 
stroke, and while it is going down the barrel, the power of the 
wheel being scarcely opposed, it accelerates the whole machine, 
and the piston arrives at the bottom of the barrel with a con- 

* The gudgeons of a water-wheel should never rest on the wall of the building. 

It shakes it; and if set up soon after the building has been erected, it prevents the 
mortar from taking firm bond ; perhaps by shattering the calcareous crystals as they 
form. When the engineer is obliged to rest the gudgeons in this way, they should 
be supported fay a block of oak laid ,a litUe hollow. This softens all tremors, like 
springs of a wheel carriage. This practice would be very serviceable in many other 
jarts of the construction. 
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siderable velocity. But in the rising again, the wheel is opposed 

by the column of water now pressing on the piston. This im.. 

mediately retards the wheel ; and when the piston has reached 
the top of the barrel, all the acceleration is undone, and is to 
begin again. The motion of such a machine is very hobbling: 
but the superplus of accelerating force at the beginning of a re- 
turning stroke will not make such a change in the motion of the 
machine if we connect the fly with it. For the accelerating 
momentum is a determinate quantity. Therefore, if the radius 
of the fly be great, this momentum will be attained by com- 
municating a small angular motion to the machine. The mo- 
mentum of the fly is as the square of its radius ; therefore it re- 
sists acceleration in this proportion ; and although the overplus 
of power generates the same momentum of rotation in the 
whole machine as before, it makes but a small addition to its 
velocity. Ifthe diameter of the fly be doubled, the augmenta- 
tion of rotation will be reduced to one-fourth. Thus, by 
giving a rapid motion to a small quantity of matter, the great 
acceleration during the returning stroke of the piston is pre- 
vented. This acceleration continues, however, during the whole 
of the returning stroke, and at the end of it the machine has 
acquired its greatest velocity. Now the working stroke begins, 
and the overplus of power is at an end. The machine ac- 
celerates no more; but if the power is just in equilibrio with 
the resistance, it keeps the velocity which it has acquired, and 
is still more accelerated during the nest returning stroke. But 
now, at the beginning of the subsequent working stroke, there 
is an overplus of resistance, and a retardation begins, and con- 
tinues during the whole rise of the piston ; but it is considerable 
in comparison of what it would have been without the fly ; for 
the fly, retaining its acquired momentum, drags forward the 
rest of the machine, aiding the impelling power of the wheel. 
It does this by all the communications taking into each other 
in the opposite direction . The teeth of the intervening wheels 
are heard to drop from their former contact on one side, to a 
contact on the other. By considering this process with atten- 
tion, we easily perceive that, in a few strokes, the overplus of 
power during the returning stroke comes to be so adjusted to 
the deficiency during the working stroke, that the accelerations 
and retardations exactly destroy each other, and every succeeding 
stroke is made with the same velocity, and an equal number of 
strokes is made in every succeeding minute. Thus the machine 
acquires a general uniformity with periodical inequalities. It is 
plain, that by sufficiently enlarging either the diameter or the 
weight of the fly, the irregularity of the motion may be rendered 
as small as we please. It is much better to enlarge the diameter, 
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This preserves the friction more moderate, and the pivot wears 
less. For these reasons, a fly is in general a considerable im- 
provement in machinery, by equalising nciany exertions that are 
naturally very irregular. Thus, a man working at a common 
windlass exerts a very irregular pressure on the winch. In one 
of his positions in each turn he can exert a force of near 70 
pounds without fatigue, but in another he cannot exert above 
nor must he bedoaded with much above this in general. 
But if a large fly be connected properly with the windlass, he 
wil act with equal ease and spe^ ^^inst 80 pounds. 

This regulating power of the fly is without bounds, and may 
be used> to render uniform a motion produced by the most de- 
sultory and irregular power. It is thus that the most regular 
motion is given to mills that are driven by a single-stroke steam 
engine, where for two or even three seconds there is no force 
pressing the mill round. The communication is made through 
a massive fly of very great diameter, whirling with great rapidity. 
As soon as the impulse ceases, the fly, continuing its motion, 
urges round the whole machinery with almost unabated speed. 
At this instant all the teeth, and all the joints, between the fly 
and the first mover, are beard to catch in the opposite direction. 

If any permanent change should happen in the impelling 
power, or in the resistance, the fly makes no obstacle to its pro- 
ducing its full effect on the machine ; and it will be observed to 
accelerate or retard uniformly, till a new general speed is ac-* 
quired exactly corresponding with this new power and re- 
sistance. 

19. Many machines include in their construction movements 
which are equivalent to this intentional regulator. A flour 
mill, for example, cannot be better regulated than by its mill- 
stone ; but in the Albion mills, a heavy fly was added with great 
propriety; for if the mills had been regulated by their millstones 
only, then at every change of stroke in the steam engine, the 
whole train of communications between the Beam, which is the 
first mover, and the regulating millstone, which is the very last 
mover; would take in the opposite direction. Although each 
drop in the teeth and joints be but a trifle, the whole, added 
together, would make a considerable jolt. This is avoided by a 
regulator immediately adjoining to the beam. This continually 
presses the working machinery in one direction. So j udiciously 
were the movements of that noble machine contrived, and so 
nicely were they executed, that not the least noise was heard, 
nor the slightest tremor felt in the building. 

Valour’s beautiful pile engine employed at West- 
minster Bridge is another remarkable instance of the regulating 
power of a fly. When the ram is dropped, and its follower 
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disengaged immediately after it, the horses would instantly 
tumble down, because the load, against which they had been 
straining hard, is at once taken off; but the gin is connected 
with a very large fly, which checks any remarkable acceleration, 
allowing the horses to lean on it during the descent of the load ; 
after which their draught recommences immediately. The 
spindles, cards, and bobbins, of a cotton mill, are also a sort of 
flies. Indeed all bulky machines of the rotative kind tend to 
preserve their motion with some degree of steadiness, and their 
great momentum of inertia is as useful in this respect as it 
is prejudicial to the acceleration or any reciprocation when 
wanted. 

SI. There is another kind of regulating fly, consisting of 
wings whirled briskly round till the resistance of the air prevents 
any great acceleration. This is a very bad one for a working 
machine, for it produces its effect hj really wasting a part of 
the moving power. Frequently it employs a very great and 
unknown part of it, and robs the proprietor of much work. It 
should never be introduced into any machine employed in ma- 
nufactures. 

Some rare cases occur where a very different regulator is 
required : where a certain determined velocity is found necessary. 
In this case the machine is furnished, at its extreme mover, with 
a conical pendulum, consisting oft wo heavy balls hanging by rods, 
which move in very nice and steady joints at the top of a vertical 
axis. It is well known, that when this axis turns round, with 
an angular velocity suited to the length of those pendulums, the 
tinie of a revolution is determined. Thus, if the length of each 
pendulum be 39^ inches, the axis will make a revolution in two 
seconds very nearly. If we attempt to force it more swiftly 
round, the balls will recede a little from the axis, but it employs 
as long time for a revolution as before ; and we cannot naake it 
turn swifter, unless the impelling power be increased beyond all 
probability : in which case the pendulum will fly out from the 
centre till the rods are horizontal, after which every increase of 
power will accelerate the machine very sensibly. Watt and 
Boulton first applied this contrivance with great ingenuity to 
their steam engines, when they are employed for driving ma- 
chinery for manufactiu’es which have a Yery changeable resist- 
ance, and where a certain speed cannot be much departed from 
without great inconvenience. They have connected this recess 
of the balls from the axis (which gives immediate indication of 
an increase of power or a diminution of resistance) with the 
cock whicli admits the steam to the working cylinder. The 
balls flying out cause the cock to close a little, and diminish 
the supply of steam. The impelling power diminishes the next 
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momentj and the balls a^ain approach the axis, and the rota- 
tion goes on as before, although there may have occurred a very 
great excess or deficiency of power. See Governor. 

A fly is sometimes employed for a very different purpose 
from that of a regulator of motion— it is employed as a colledor 
power. Suppose all resistance moved from the working point 
of a machine furnished with a very large or heavy fly imme- 
diately connected with the working point. When a small force 
is applied to the impelled point of this machine, motion will 
begin in the machine, and the fly bemn to turn. Continue to 
press unifornAy, and the machine will accelerate. This may be 
continued till the fly has acquired a very rapid motion. If at 
this moment a resisting body be applied to the working point, it 
will be acted on with very great force ; for the fly has now ac- 
cumulated in its circumference a very great momentum. If a 
body were exposed immediately to the action of this circum- 
ference, it would be violently struck. Much more w ill it be so, 
if the body be exposed to the action of the wwking point, which 
perhaps makes one turn while the fly makes a hundred. It will 
exert a hundred times more force there (very nearly) than at its 
own circumference. All the motion which has been accumu- 
lated on the fly during the whole progress of its acceleration is 
exerted in an instant at the working point, multiplied by the 
momentum depending on the proportion of the parts of the ma- 
chine. It is thus that the coining press performs its office; 
nay, it is thus that the blacksmith forges a bar of iron. Swing- 
ing the great sledge hammer round his head, and urging it with 
force the whole way, this accumulated motion is at once et4 
tinguished by impact on the iron. It is thus also we drive a 
nail, See. This accumulating power of a fly has occasioned 
many to imagine that a fly redly adds power or mechanical force 
to an engine; and, not understanding on what its efficacy de- 
pends, they often place the fly in a situation where it only adds 
a useless burden to the machine. It should always be made to 
move with rapidity. If intended for a mere regulator, it should 
be near the first mover : and if it be intended to accumulate 
force in the working point, it should not be far separated from 
it.^ In a certain sense, a fly may be said to add power to a ma- 
chine, because by accumulating into the exertion of one moment 
the exertions of many, we can sometimes overcome an obstacle 
that we never could have balanced by the same machine un- 
aided by the fly. And it is this accumulation of force which 
gives such an appearance of power to some of our first 
movers. (See Supplement Encijclopcsdia Britan, art. Ma^ 
cMnerp.) ^ 

From these observations it is easy to pass to the con- 
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stmctioii of eleinentarjr machines : and it will be advantageous 
to the young mechanist to see several of them collected into 
one point of view. For this purpose we have exhibited in plates 
XXXVIII, an XXXIX. (extracted- from M. Hachette^s in- 
genious TraUe EUmentaire des M ten distinct series 

of simple machines, contrived for the purpose of changing or 
modifying motion. Thus, the 1st series exhibits dllferent me- 
thods of changing the direction of continued rectilinear motion. 
The 2d relates to the conversion of continued rectilinear, to 
alternating rectilinear motion, and so on; the whole being 
readily classed thus. 


Series. 

Specimens. 

Conversion of 

Into 

1 

,, '5 , 

Continued rectilinear 

Continued rectilinear 

2 


Continued rectilinear 

Alternating rectilinear 

3 

16 

Continued rectilinear 

Continued circular 

4 

5 

Continued rectilinear 

Alternating circular 

5 

22 

Continued circular 

Alternating rectilinear 

6 

11 

Continued circular 

Continued circular 

T 

17 

Continued circular 

Alternating circular 

8 


Alternating rectilinear 

Alternating rectilinear 

9 

10 

Alternating rectilinear 

Alternating circular 

10 

5 

Alternating circular 

Alternating circular 


The construction of most of these machines will be evident 
from the respective diagrams. Others will be explained in the 
course of the present volume. We apprehend it would be 
highly useful for such persons as are beginning to exercise 
themselves in the construction of complex machines, to have 
the substance of these ten series drawn upon a large sheet of 
pasteboard, with spare compartments to be occupied by new 
contrivances in any one class, as they occur. Casting the eye 
over the whole would frequently suggest an ingenious and be- 
neficial combinaiion. 

ON FEICTION, ANO THE STIFFNESS OF ROPES. 

25. Most of the propositions laid down in the first volume 
of this work have been conducted upon the supposition that 
all bodies are perfectly smooth, that they slide over one another 
without any friction, and that cords and ropes are perfectly 
jflexilble. But since there is no such thing as perfect smoothness 
in bodies, no machine can move without a mutual rubbing of 
von. XL ^ 
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its partsj at all points of communication ; and when w 
skier the mode of operation of the teeth of wheel- work, tlie 
wipers and lifts, the gudgeons of the different axes, &c. we 
shall see that by which we mean the resistance a body 
meets with from the surface on which it moves, has coBsiderable 
effect ill retarding the motion of machines, or gives occasion 
for the exertion of much more power in order that the machine 
may move with the requisite velocity. Indeed in many ma- 
chines, as polishing mills, grinding mills, boring and vsawing 
mills, the ultimate task performed is either friction or very^ 
much resembles it. So that some knowledge of the nature of 
friction seems absolutely necessary, to enable us to apply the 
principles of the simple theory to any useful practical purpose. 

Much attention has, therefore, been paid to this subject by 
many ingenious men ; but as yet their labours have not greatly 
added to the stock of knowledge as to the real iiatiire of fric- 
tion : and although some ingenious theories have been deduced 
from the experiments which have already been made, they rest 
upon very limited hypotheses, and are of little, if any, actual 
utility. This being our opinion, the reader will not expect a 
minute exposition of the theory in this place. We shall merely 
present a single proposition, which tends to an obvious practical 
purpose, and does not require the admission of more than one 
new principle, viz. theJHction mries nearly as the pressure. 

a poioer which moves a body along a horizontal plane ^ 
acts with the greatest advantage when the line of direction 
maJces an angle of about 18^^ with the plane ^ Let n (fig. 2. 
pL I.J be the body wdiich is to be moved along the horizontal 
plane nc, by a given power estimated in quantity and dii'ection 
by BA. Demit the perpendicular ac : and let the given line 
ABzzlrn radius, ac = sin ABG=r ay bc= V(i— the force 
moving the body horizontally. The powder by its oblique action 
diminishes the pressure of the weight on the horizontal plane in 
the ratio of i : a, therefore ua? rr &t part of the pressure which 
is taken off, and the actual pressure =: b — n/r. Let friction be 

— -^th part of the weight or pressure : that is, let it be ~ b 

_ Then the force requisite to move b horizontally must 

be equal to the horizontal force diminished by friction, or zz 

•Vi / 1 ' mt •* I •» . 

B (1— ay" — -i- —Bar. Ihis is to be a raimmum, or its 

fluxion -Bx- hence we find ^ - sine 

of the angle abc. And if^ as has been concluded from many ex- 

periments, — = f» then will ^ = ~ =: sine of 18 “ 26 ' nearly. 
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If the plane along which the body is to be moved be inclined 
to the horizon, the sine of the angle which the line of direction 
or traction of the power makes with the plane, when it acts 

with the greatest advantage, will be nearly = o being the 
cosine of the angle of elevation to radius zz unity. 

26. The principle assumed in the investigation above is, 
however, by no means general in its application ; as there are 
many circumstances which modify the operation of friction, and 
cause deviations from this law. These circumstances will be 
best learnt by reflecting upon some of the experiments which 
have been made relative to the friction of bodies in motioo. Of 
such experiments we shall first describe those of Mr. Professor 
Vince, which were conducted with great care and ingenuity, and 
led to some important results. The object of this philosopher 
was to determine the following questions : 

1. Whether friction be a uniformly retarding force ? 

2. What is the quantity of friction? 

■ 3. Whether the friction varies in;;proportion to the pressure 
or weight? 

4 Whether the friction be the same on whichever of its 
surfaces a body moves ? 

(1.) With respect to the first of these questions, the author 
truly observes, that if friction be a uniform force, the difference 
between it and the given force of the moving power employed 
to overcome it must also be uniform; and that therefore the 
moving power, if it be a body descending by its own weight, 
must descend with a uniformly accelerated velocity, just as 
when there was no friction. The spaces described from the 
beglnningof the motion will indeed be diminished in any given 
time on account of the friction; but still they must be to each 
other as the squares of the times employed. 

* (2.) A plane was therefore adjusted parallel to the horizon, 
at the extremity of ivhich was placed a pulley, which could be 
elevated or depressed, in order to render the string which con- 
nected the body and the moving force parallel to the plane. 
A scale accurately divided was placed by the side of the pulley 
perpendicular to the horizon, by the side of which the moving 
Force descended ; upon the scale was placed a moveable stage, 
which could be adjusted to the space through which the moving 
force descended in any given time; which time w^as measured, 
by a ■well-regulated pendulum clock vibrating seconds. Every 
thing being thus prepared, the following experiments were 
made to ascertain the law of friction. 

(3.) 1. A body was placed upon the horizontal plane, 

and a moving force applied, which, irom repeated trials, was 

c 2 
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fomid to descend 5^ inches in ¥ ; foi4)y the beat 
and tlie sound of the" moving force when it arrived at tte 
die space could be very accurately adjusted to the time : the 
stage was then removed to that point to which the ‘moving 
force ^vould descend in 3‘VAipon supposition that the spaces 
described by the moving power were as the squares of the 
times; and the space was found to agree very accurately with 
t!ie tluiC : the stage was then removed to that point to which 
the moving force ought to descend in upon the saoie sup- 
position, and the descent was found to agree exactly with the 
time: lastly, the stage was adjusted to that point to which the 
moving force ouglit to descend in upon the same supposition, 
and the space was observed to agree with the time, Now,riu 
order to find whether a difference in the time of descent could 
be observed by removing the stage a little above and below the 
positions which corresponded to the above times, the experi- 
ment w^as tried, and the descent was always found too soon in 
the former, and too late in the latter case ; by which tlie author 
was assured, that the spaces first mentioned corresponded ex- 
actly to the times. And, for the greater certainty, each descent 
was repeated eight or ten times; and every caution used in this 
experiment was also made use of in all the following. 

Exp^ 2. A second body was laid upon the horizontal plane, 
and a moving force applied which descended 41 1 inches in 
the stage was then adjusted to the space corresponding to 
upon supposition that the spaces descended through were as 
the squares of the times, and it was found to agree accurately 
with the time ; the stage was then adjusted to the space corre- 
sponding to upon the same supposition, and it was found 
to agree with the time, 

Exp, 3. A third body was laid upon the horizontal plane, 
and a moving force applied, which descended 59|^ inches in 
the stage was then adjusted to the space corresponding to 3^ 
upon supposition that the spaces descended through were as 
the squares of the times, and it was found to agree with the 
time ; the stage was then adjusted to the space corresponding 
to upon the same supposition, and it was found to agree 
with the time ; the stage was then adjusted to the space corre- 
sponding to and was found to agree with the time. 

Exp, 4, A Iburth body was then taken and laid upon the 
horizontal plane, and a moving force applied, which descended 
55 inches in 4^ the stage was then adjusted to the space 
through which it ought to descend in 3'^ upon supposition that 
the spaces descended thi’ough were as the squares of the times,- 
and it was found to agree with the time; the stage was then 
adjusted to the space ceprresponding to 2^^, upon the same sup- 


VINCE ON FRiCtidN. 





position, and was foil with the time; lastly, the 

stage was adjusted to the space corresponding to andlt was 
found to agree exactly with the time. 

Besides these experiments, a great number of others were 
naacle wuth hard bodies, or those whose parts so firmly cohered 
as not to be moved mtei' se by the friction ; and in each expe- 
riment, bodies of very different degrees of friction were chosen, 
and the results all agreed with those related above; it was 
therefore concluded, that the friction ofhard bodies in motion 
is a uniformly retarding force. 

But to determine whether the same was true for bodies when 
covered with cloth, woollen, &c. experiments were made in 
order to ascertain it ; when it was found in all cases, that the 
retarding force increased with the velocity; but, upon covering 
bodies with paper, the consequences were found to agree with 
those related above. 

(4.) Having proved that the retarding force of all hard 
bodies arising from friction is uniform, the quantity of friction, 
considered as equivalent to a w^eight without inertia drawing 
the body on the horizontal plane backwards, or acting contrary 
to the^ moving force, may be immediately deduced from the 
foregoing experiments. For let m the moving force expressed 
by its weight ; f rr, the friction ; w = the weight of the body 
upon the horizontal plane; s =: the space through which the 
moving force descended in the time t expressed m seconds ; r 
n IfiTrV feet; then the whole accelerative force (the force of 

gravity being unity) will be ~~ ; hence, by the laws of uni- 
formly accelerated motions, ^ X' rP s, consequently f r: 

To exemplify this, let us take the case of the 
last experiment, where m z= 7, w = S5|, s 4-/^ feet, t = 
hence f 7 — = 6*417 ; consequently the friction 

was to fhe weight of the rubbing body as 6* 4167 to £5*75. 
And the great accuracy of determining the friction by this me- 
thod is manifest from hence, that if an error of 1 inch had 
been made in the descent (and experiments carefully made may 
always determine the space to a much greater exactness) it 
would not have affected the conclusion part of the whole. 

- (5.) We come in the next place to determine, whether fric- 
tion, cceteris paribuSy varies in proportion to the weight or 
pressure. Now if the whole quantity of the friction of a body, 
measured by a weight without inertia equivalent to the frielion 
drawing the bodY backwards, increases in proportion to its 
weight, it is manifest, that the retardation of the velocity of the 
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body arising from the friction will not be altered ; for the re- 
tardation varies as lience,if abody be put m 

motion upon the horizontal plane by any moving force, if both 
the weight of tlie body and the moving force be increased in 
the same ratio, the acceleration arisingfrom that moving Ibrce 
■will remain the same, because the accelerative force varies as 
the moving force divided by the whole quantity of matter, and 
both are increased in the same ratio; and if the quantity of 
friction increases also as the weighty then the retardation arising 
from the friction will, from wdmt has been said, remain the 
same, and therefore the whole acceleration of the body wilLnot 
be altered ; consequently the body ought, upon this supposition, 
still to describe the same space in the same time. Hence, by 
observing the spaces described in the same time, when both the 
body and the moving force are increased in the same ratio, we 
may determine whether the friction increases in proportion to 
the weight. The following experiments were therefore made 
in order to ascertain this matter. 

Exp, 1. A body weighing 10 oz. by a moving force of 4 oz. 
described in 2' a space of 51 inches; by loading the body with 
10 oz. and the moving force with 4 oz. it described 56 inches 
in 2'^; and by loading the body again with 10 oz. and the 
moving force with 4 oz. it described 63 inches in 2''. 

Exp, 8, A body whose weight was 16 oz, by a moving force 
of 5 oz. described a space of 49 inches in 3" ; and by loading 
the body with 64 oz. and the moving force with 20 oz. the 
space described in the same time was 64 Inches. 

Exp, 3. A body weighing 6 oz. by a moving force of 2| oz. 
described 28 inches in 2'- ; and by loading the body with 24 oz. 
and the moving force with 10 oz, the space described in the 
same time was 54 inches. 

Exp, 4. A body weighing 8 oz. by a moving force of 4 oz. 
described 33i inches in 8 !^ ; and by loading the body with 8 oz, 
and the moving force wdtli 4 oz. the space described in the 
same time was 47 inches. 

Exp, 5, A body whose weight was 9 oz. by a moving force 
of 4^ oz. described 48 inches in 2'^; and by loading the body 
with 9 02 . and the moving force with 4-| oz. the space described 
in the same time was 60 inches/ 

Exp, 6. A hody weighing 10 oz. by a moving force of 3 oz. 
described 20 inches in 2’^ ; by loading the body with 10 oz. 
and the moving force with 3 oz. the space described in the 
same time was 31 inches; and by loading the body again with 
SO oz. and the moving force with 9 oz. the space described was 
34 inches in 


YIHCE: OK FRICTION.' 


23'.: 


From these experiments^ and many others which it is not 
necessary here to relate, it appears, that the space described is 
always increased by increasing the weight of the body and the 
accelerative force in the same ratio; and as the acceleration 
arising from the moving force continued the same, it is manifest, 
that the retardation arising from the friction must have been 
diminished, for the whole accelerative force must have been in- 
creased on account of the increase of the space described in the 
same time ; and hence (as the retardation from friction varies 

Quantity of friction v ,, ^ - - -» 

' Quantity "of matteT ^ ^ quantity oj jriclion increases in a less 
ratio than the quantity of matter or wight of the body, 

( 6 .) We come now to the last thing which it was proposed 
to determine, that is, whether the friction varies by varying 
the surface on which the body moves. Let us call two of* the 
surfaces A and a, the former being the greater, and the latter 
the less. Now the weight on every given part of a is as much 
greater than the weight on an equal part of a, as A is greater 
than if therefore the friction was in proportion to the 
weight, ctxteris paribus^ it is manifest, that the friction on a 
would be equal to the friction on a, the whole friction being, 
upon such a supposition, as the weight on any given part of 
each surface multiplied into the number of such parts, or into 
the whole area, w’hich products, from the proportion above, are 
equal. But from the last experiments it has been proved, that 
the friction on any given surface increases in a less ratio than 
the weight; consequently the friction on any given part of a 
has a less ratio to the friction on an equal part of a than a has 
to a ; and hence the friction on a is less than the friction on a, 
that is, the smallest surface has always the least friction. 

As this conclusion is contrary to the generally received opi- 
nion, Mr, Vince thought it proper to confirm it by a set of 
experiments made with diff'erent bodies of exactly the same de- 
gree of roughness on their two surfaces. 

Exp, 1. A body was taken whose flat surface was to its edge 
as 22 : 05 ^ 3 .nd.with the same moving force the body described 
on its flat side 33| inches in 2", and on its edge 47 inches in 
the same time. 

Exp. 2. A second body was taken whose flat surface was to 
its edge as 32 : 3 , and with the same moving force it described 
on its flat side 32 inches in 2% and on its edge it described 87^2' 
inches in the same time. 

Exp» 3. He took another body and covered one of its sur- 
faces, whose length was 9 inches, with a fine rough paper, and 
by applying a moving force, it described 25 inches in 2^; he^ 
then took off some paper from the middle, leaving only ot* 
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an inch at the two ends, and with the same iHGving force it 
described 40 inches in the same time. 

Eojp* 4. Another body was taken which had one of its sur-' 
faceSj whose length was 9 inches, covered with a fine roiigli 
paper, and by applying a moving force it described 42 inches 
in 2'^; some of the paper was then taken off from the middle, 
leaving only 1|- inches at the two ends, and with the same 
moving force it described 54 inches in 2'^ ; he then took off 
more paper, leaving only 4 inch at the two ends, and the 
body then described, by the same moving force, 60 inches in 
the same time. 

In the two last experiments the paper which was taken off 
the surface was laid on the body, that its weight might not be 
altered.^ 

5. A body was taken whose flat surface was to its edge 
as 80 : 17 ; the fiat side was laid upon the horkontal plane, a 
moving force was applied, and the stage was fixed in order to 
stop the moving force, in consequence of which the body would 
then go on with the velocity acquired until the friction had 
destroyed all its motion; when it appeared from a mean of 12 
trials that the body moved, after its acceleration ceased, 5|. 
inches before it stopped. 'The edge was then applied, and the 
moving force descended through the same space ; and it was 
found, from a mean of the same number of trials, that the space 
described was 7-finches before the body lost all its motion, 
after it had ceased to be accelerated. 

Exp, 6. Another body was then taken whose flat surface 
was to its edge as 60 : 19, and by proceeding as before on the 
flat surface, it described, at a mean of 12 trials, 5f inches, and 
on the edge Olf inches, before it stopped, after the acceleration 
ceased. 

Exp. 7. Another body was taken whose flat surface was to 
its edge as 26 : 3, and the spaces described on these two sur*» 
faces, after the acceleration ended, were, at a mean of ten trials, 
4f and -/^ inches respectively. 

From all these different experiments it appears, that the 
smallest surface had always the least friction, which agrees 
with the consequence deduced from the consideration that the 
friction does not increase in so great a ratio as the weight; we 
may ^ therefore conclude, that the friction qf a body does not 
continue the mimtmhen it has different surfaces applied to the 
plane on wjdchitm^ ihdtthe mnallest su face will 

the least friction. 

To the experiments instituted by Mr. Ferguson and others, 
from which conclusions have been drawn so different from 
these, this author makes the following objections: It was their 
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object to find wliat moving force would put abody at rest 
in motion; and having, as they thought, found it, they thence 
concloded, that the accelerative force was then equal to the 
friction. But it is manifest, as Mr. Vince observes, that any 
force which will put a body in motion must he. greater than the 
force which opposes its motion, otherwise it could not over- 
come it; and hence, if there were no other objection than this, 
it is evident, that the friction could not be very accurately ob- 
tained : but there is another objection which totally destroys 
the experiment so far as it tends to show the quantity of friction, 
which is the strong cohesion of the body to the plane when it 
lies at rest; and this is confirmed by the following experiments. 
1st, A body of 121 oz. was laid upon an horizontal plane, and 
then loaded with a weight of 81b. and such a moving force was 
applied as would, when the body was just pM? in raotion, con- 
tinue that motion without any acceleration ; in which case the 
friction must be just equal to the accelerative force. The body 
was then stopped, when it appeared, that the same moving force 
which had hept the body in motion before would not put it in 
motion, and it was found necessary to take off 4|. oz. from the 
body before the same moving force wotild put it in motion ; 
it appears, therefore, that this body, when laid upon the plane 
at rest, acquired a very strong cohesion to it. 2dly, A body 
whose w'eight was 16 oz. was laid at rest upon the horizontal 
plane, and it was found that a moving force of 6oz. would just 
put it in motion ; but that a moving force of 4oz. mouldy when 
it was just put in motion, continue that motion without any 
acceleration, and therefore the accelerative force must then have 
been equal to the friction, and not when the moving force of 
6 oz. was applied. 

From these experiments therefore it appears, how very con- 
siderable the cohesion was in proportion to the friction' when 
the body was in motion; it being, in the latter case, almost 
and in the former it was found to be very nearly equal to the 
whole friction. All the conclusions therefore deduced from 
the experiments, which have been instituted to determine the 
friction from the force necessary to put a body in motion (and 
very few have been described but upon such a principle) have 
manifestly been totally false ; as such experiments only show 
the resistance which arises from the cohesion and friction con-^ 
jointly. 

Mr. Vince concludes this part of the subject with a remark 
upon art, 5. It appears (says he) from all the experiments 
which I have made, that the proportion of the increase of the 
iHction to the increase of the weight was different in all the 
different bodies which were made use of; no general rule there- 
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fore can be established to determine tliis for € 2 /^bodies 5 an 
experiments which I have hitherto made have not been suf- 
ficient to determine it for the same body^.’^ 

Such are the results of Mr. Vince’s ingenious experiments. 
He founds upon them a theory which the curious reader may 
peruse in the Philosophical Transactions^ Vol. 75. or Nos. 65, 
66, of Tilloclis Phihsophical Magazine^ h\it which is not in- 
serted here, as it does not seem readily applicable to any prac- 
tical cases. 

27. An ingenious engineer, Mr. John Southern of Bir- 
mingham, made a series of experiments upon mills used for 
turning grindstones, with a view of corroborating Mr. Vince’s 
position that Friction is a uniform retarding force- And these 
experiments are the more worthy of notice as they were made 
on heaiy machinery, with considerable variation of velocity of 
the rubbing surface, and great spaces rubbed over : the weight 
which caused the friction being upwards of 83 cwt., the velocity 
of the rubbing surfaces 4 feet per second at the greatest, and 
the length of surface rubbed over about 1000 feet at a medium. 
These experiments seem to confirm the opinion that friction is 
a uniform resistance, at least where the rubbing surface moves 
with a velocity of from 9 inches to 4 feet per second ; and Mr, 
Southern concludes from them, that in favourable cases it does 
not exceed the fortieth part of the pressure or weight that oc- 
casio7is it. 

The experiments from which these inferences are deduced, 
are described in No. 66. of the Philosophical Magazine just 
referred to. 

28. 3L Coulomb has an extensive paper on the subject of 
Friction, in vol. 10. Des Memoires des Savards etrangers 
where he describes his experiments at considerable length, and 
deduces from them an elaborate theory. We cannot here enter 
into the detail of all these experiments : but shall merely state 
M. Coulomb’s principal results. 

This author’s conclusions are widely different from Mr. 
Vince’s in one important particular : for he asserts that femteris 
paribus ) the friction is proportional to the pressure. The mean 
ratios of friction to pressure, given by M, Coulomb’s experi- 
ments for different kinds of wood, are as follow, the pressure 
being denoted by unity : 

Oak against oak . . . 0-43 

Oak against fir . . , 0*65 

Firagainstfir . . . 0*56 

Elm against elm . . . 0-47 

the friction being made in the direction of the threads or fibres 
of the \vood. But when the is made the grain 
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of the wood, or so that the direction of the fibres forms a right 
angle with that of the motioo, the friction is less than in the 
former case, but still in a constant ratio to the pressure; there- 
sLilts being then as below : 

Oak against fir . • . 0*1 58 

... 0-167 
Elm against elm • . 0-100 

These ratios are constant quantities, not depending upon the 
velocities, except in the case of elm when the pressures are very 
small, for then the friction increases sensibly with the velocity. 
M. Coulomb gives the following general summary. 

‘‘ (1.) The friction of wood sliding over wood (both being 
dry) opposes after a sufficient time of quiescence a resistance 
proportional to the pressure ; that resistance sensibly increasing 
in the first instants of repose ; but after some minutes it usually 
arrives at its maximum or its limit, 

(2.) When wood glides dry over wood with any velocity 
whatever, the friction is still proportional to the pressure ; but 
Its intensity is much less that that which is experienced in de- 
taching the surfaces after some minutes of rest; it has been 
found, for example, that the force necessary to detach and 
produce a sliding motion in two surfaces of oak after some 
minutes of quiescence, is to that necessary to overcome the 
friction when the surfaces have obtained any degree of velocity 
whatever, nearly as 9 to 2. 

(3.) The friction of metals sliding over metals, without 
oiling, is also proportional to the pressures; but its intensity is 
the same, whether the surfaces are detached after having been 
any time in repose, or whether they preserve any uniform ve- 
locity whatever. 

(4.) Heterogeneous surfaces, such as woods and metals 
sliding the one over the other, without oiled surfaces, give for 
their friction results very different from the preceding ones ; for 
the intensity of their friction relatively to the time of repose in- 
creases slowly, and does not attain its limit till after four or five 
days, and sometimes more ; instead of which, in metals the limit 
is attained in an instant, and in’ wood in a few minutes: this 
augmentation is even so slow that the resistance due to the 
friction in insensible velocities is almost the same as that which 
we must surmount in moving or detaching the surfaces after 
three or four seconds of rest. And this is not all: in wood 
gliding unoiled over wood, and in metals sliding over metals, 
the velocity has very little influence upon the friction ; but 
here the friction increases very sensibly in proportion as the 
velocities are augmented ; in such manner that the friction in- 
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creases nearly according to an arithmetical progression, when 
the velocities increase in a geometrical progression.'’^ 

The ratio of the friction to the pressure (1) when oak was 
made to slide over iron, was found, from forty experiments, to 
be as here stated: when the velocity was almost insensible, 
•0894, -0773, -OTSS, and -0786 : when the velocity was about a 
foot per second, >1698, *1722, *1817, and ‘1573. 

29. When metals slide upon wood done over with grease, 
the friction, says M. Coulomb, appears much softened, and 
we may produce insensible velocities with degrees of traction 
less considerable than in all the other species of friction; but 
when the velocities have been a little augmented, we have 
found that the friction increases greatly with respect to the ve- 
locity, as was the case when we made unoiled metals slide upon 
wood; and we have, for the relation of the augmentation of 
velocities and the degree of traction which produced that 
augmentation, nearly the same law with that we sought to de- 
termine in the friction of metals sliding dry upon wood : but if 
the greasing be not renewed at .each experiment, it coagulates, 
changes its nature, and the friction successively augments. 

When the surfaces are done over with tallow, the ratio of 
the friction to the pressure is greater under pressures of about 
50 pounds, than under greater pressures. 

With coatings {enduitSy plasters) of cart-grease, the friction 
is never less than ^ of the pressure. Its resistance depends upon 
the consistence of the coating, and the friction augments sen- 
sibly as this coating is softer* When the surfaces are done over 
with tallow, and are of great extent, the friction corrupts or 
changes the nature of the tallowy and augments sensibly as we 
continue the motion without renewing the coating: yet it is 
always found less than -f. of the pressure. But when the tallow 
is dissolved to an oil, this effect is less sensible.'’^ 

M. Coulomb’s experiments on the friction of aoces will be de- 
scribed farther on. 

On comparing the results of Mr. Vince’s experiments with 
those of M, Coulomb’s, already referred to, it will be seen that 
our knowledge on this branch of the subject is very far from 
being so certain and satisfactory as is desirable. We may, 
however, now deduce a few practical inferences from the pre- 
ceding articles. 

(1.) Friction is diminished by making the surfaces smooth 
which move upon each other. But there is a limit to this 
smoothness; for the surfaces may be so highly polished as to 
render the attraction of cohesion very sensible. 

(2.) Friction is diminished by anointing the rubbing surfaces 
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witli some unctiious Thusj in wood acting against 

wood, olive oil reduces the friction to nearly its half, and metals 
oiled have less fiiction than when polished, 

(3.) Friction is diminished by diminishing the surfaces in 
contact. But this has a limit: for if the moving surface be 
very thin, and the other soft, the former will plough a groove 
in the latter, and thus have the friction increased. 

(4.) Friction is diminished by disposing the parts of a ma- 
chine in such a manner, that the ratio of the velocity of the 
parts which rub against each other to the velocity of the power, 
may be as small as possible. 

(5.) Friction is greatly diminished by causing the body to 
roll instead of sliding along the surface. This is in fact a 
distinct species of friction, and will come under consideration 
more fully soon: 

(6.) Hence in many machines, lest the friction should employ 
a great part of the power, care is to be taken that no part of the 
machine slide along another if it can be avoided ; but rather that 
the parts should roll or turn upon each other. With this view 
it will be proper to lay the axes of cylinders, See. not in a groove 
or concave matrix, as is usual, but upon a horizontal bar with two 
vertical pieces to keep such axes from rolling oif, or, between 
little wheels called wheels, moveable on their respective 
axes : for, by this contrivance, the friction is transferred from 
the circumference of those wheels to their pivots. And in like 
manner the friction may be still further diminished by making 
the axes of those wheels rest upon other friction wheels that 
turn round with them. For the same reason friction balls or 
rollers have been placed within the naves of carriage wheels ; 
and in Mr. Garnetfs patent foi’ an improved manner of 
applying friction wheels to any axis, as of carriages, blocks, 
pulleys, scale-beams, &c. the wheels or rollers are kept always 
at the same distance by connecting rods or bars, 

(7.) Friction is diminished by causing the surface of one kind 
of substance to run not upon the same kind of matter, but a 
surface of another material equally polished. Thus, pivots of 
steel meet with less friction when they slide in grooves of cop- 
per, than when the grooves are of steel also. 

(8.) As to friction in the mechanical powers: 1. The simple 
lever has no such resistance, unless the place of the fulcrum is 
changed during the operation, 2. In the wheel and axle, the 
friction on the axis is nearly as the weight upon it, the diameter 
of the axis, and the angular velocity. This sort of friction, 
however, is very small. 3. The friction of the pulley is very 
considerable when the sheaves rub against the blocks. 4. There 
is also very great friction in the screw ; if the screw has a square 
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thread it will raise a weight more easily than one with a trian- 
gular thread : but in most if not all screws the friction is equal 
to the power. 5. In the inclined plane the friction varies 
according as the body rolls or slides ; the friction in the latter 
case being far the greatest* 6. In the wedge the friction is at 
least equal to the power^ since the wedge retains any position it 
is driven into. 

£9. A. The memoir of the same philosopher on the friction 
of pivots, is inserted among the Memoirs of the Paris Academy 
for the year 1790. Though it has been so long published, it is 
scarcely known even in Ih’ance: yet as the experiments de- 
scribed are very interesting, and furnish some important results, 
it will be right to give an account of them. 

Bodies which are made to turn upon pivots are usually sus- 
pended by means of a cheek, socket, or collar, of very hard 
matter. The collar has its cavity of a conic form, and ter- 
minated at its summit by a little concave segment, whose radius 
of curvature is very small. ' The point of the pivot which is 
sustained by this collar forms at its summit a little convex sur- 
face, whose radius of curvature shoukl be still smaller than that 
of the extremity of the cheek. Experience evinces that the 
curvature of the bottom of the socket is irregular, and that the 
friction of a collar of agate on which a pivot turns, is frequently 
five or six times more considerable than the momentum qfjric-- 
tion of a well-polished plane of agate on which the same pivot 
turns. 

These considerations induced M. Coulomb to employ in the 
course of his experiments, not a cheek or a socket, but a well- 
polished plane, to support the body on the point of a pivot. To 
prevent the body from sliding he took care that its centre of 
gravity should be very low, with respect to the point of sus- 
pension: he then made the body to whirl or spin about its 
pivot, by impressing upon it a rotatory motion* By means of 
a seconds watch, he observed exactly the time employed by the 
body in making the first four or five turns, and he thence de- 
duced easily a mean turn to determine the primitive velocity : 
after this he counted the number of turns which the body made 
before it stopped. 

Coulomb took a glass bell of 48 lines in diameter and 60 lines 
in height, w^hich weighed 5 ounces. He placed it on the point 
of a pivot; and after giving it successive degrees of velocity 
about that pivot, be observed very exactly the time that it em- 
ployed to make the first turn, which gave him for the mean ve- 
locity that which answered to the half of such first 
then estimated the number of turns made by the bell before it 
stopped : the results were as below-— 
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1# Trial. The bell made one turn in #5 and came to rest 
after 34^- turns. 

Trial. The bell made one turn in stopped after 

,14^^--. turns. . 

3(i Tna/. The bell made one turn in Il^V ^*^d stopped after 
'4i%.' turns. 

Now if 5 denote the primitive velocity, x the space described 
between the commencement and the end of the motion, a the 

constant momentum of the retarding force ; f~ the sum of the 

products of every particle jw,, by the square of its distance r from 
the axis of rotation j divided by the quantity a, measuring the 
distance from the axis of rotation to the point whose primitive 
velocity is it is easy to find the following analytical expression 
for the constant momentum of the ms reta7'dairix^ viz. 

But^ because in the three preceding trials, the same bell was 

employed, the quantity is the same : must therefore be 

a constant quantity if a be constant, and reciprocally. But in 
each trial there was reckoned the time employed by the appa- 
ratus in performing an entire revolution. The mean velocity, 
or the velocity due to the half of each first revolution, wnll, 

therefore, be measured by the circumference run over. The 

space described up to the end of the motion, will be measured 
by the number of turns run through from the instant where 
the mean velocity was deteimnined until the end of the motion. 
Thus by computing from the data furnished by the three trials^ 
we may form the following table : 

ifl 

1st Trial. 1 turn in 4’^, stops at 34x''o turns, whence results^ 

%d Trial . . . . 14^ . . . . . . 

MTriaL . .W , . 4/^ . . . . . . 

This experiment, then, shows unequivocally that the quantity 
and consequently the quantity a which expresses the mo- 
mentum of friction, are constant quantities, whatever be the 
primitive degree of velocity ; and that, consequently, the velo- 
city has not any influence upon the resistance due to the friction 
of pivots, which from this experiment is necessarily proportional 
to a function of the pressure. 

When this experiment is made in a vacuum, a much less 
heavy body may be employed, and of any form whatever, and 
the same result will be obtained. 
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In other experiments Coulomb bent a brass wire of 9 inches 
in length ; the parallel branches were 24 lines distant from one 
another ; the part of the wire curved in the form of a semicircle 
which joined the two branches was about 3 inches long ; and the 
two vertical and parallel branches were also each 3 inches long. 
To the extremity of each vertical branch was attached by means 
of wax a piece of metalj and there was fixed, in like manner, 
in the middle of the concave part of the wire, to serve for the 
cheek or bush, a small well-polished plane of different substances 
on which the friction of the point of the pivot was to be deter- 
mined: finally, there was fixed to the summit of a support a 
little needle of tempered steel, and whose point it was necessary 
to render more or less fine, rounded, or obtuse, according to the 
nature of the cheeks, and to the pi'essure which they were to 
experience. The extremity of the needle first used by Co iilomb, 
appeared, when examined by a microscope, to form a conic 
angle of 18 or 20 degrees. The ft'iction of this needle against 
well-polished planes of granite, agate, rock crystal, glass, and 
tempered steel respectively, was tried ; and the result, taking in 

each experiment the mean quantity represented by — (a quantity 

which was always found to vary between very narrow limits), 
gave the momentum of friction of the point of the needle against 
the planes of granite, agate, &c. respectively, in the ratio of the 
fractions that the momentum of 

friction of the plane of granite being represented by unity, we 
shall have for the momentum of the friction of rotation relative 
to the other substances as below : friction of granite, 1 ; of 
agate, 1-214; of rock crystal, 1-313 ; of glass, 1*777; of steel, 
2-257. 

Coulomb likewise employed himself during these experiments, 
in determining the* more or less acute form which should 
be given to the points of the pivots. To this end he caused to 
be successively rounded into cones of greater or less acuteness, 
the extremity of a steel needle, that it might thence appear 
whether the change of figure had any influence upon the fric- 
tion. Thus he found that, under a certain charge, the point of 

the pivot being shaped to 45 degrees, the quantity was, for 

gimite, ttW ; ; glass, t+W ; tempered steel, - 53 %^. 

Coulomb then gave to the point a more acute form, so that 
the angle of the cone which terminated it could not be more 
tlian 6 or 7 degrees; and he found, still retaining the same 

charge or pressure as before, that the quantity was, fo 

agate, glass, -tempered steel, 


COUliOMB OK FEtOHOK. 


Comparing from these, and other experiments, the momentum 
of frietion of rotation of the point of different pivots against a 

plane of agate, he found that the quantity ~ which varies as 

that momentum, was, for a pivot of 4iS% ; a pivot of 15^, 

T^ ; a pivot o 

After this, Coulomb varied the charge in his experiments, 
and determined the relative momentum of friction of pivots 
under different pressures. But without going further into de- 
tail, we may give the following as the principal deductions from 
the whole. 

1. That the friction of pivots is independent of the velocities, 
being merely as a function of the pressure. 

% That the friction of granite is less than that of glass. 

3. That the figure of the point of the pivot, as to acuteness, 
affects the quantity of friction ; in such manner that when we 
cause to whirl upon the point of a needle, a body weighing 
more than 5 or 6 drams, the most advantageous angle for that 
point appeared to be from 30® to 45® ; under a less pressure, 
the angle might be progressively diminished, without the fric* 
tion being perceptibly augmented : it may even without great 
inconvenience be reduced to 10® or 12® with good steel, when 
the charge does not exceed 100 grains : an important consider- 
ation in the suspension of light bodies upon cheeks or sockets. 

These rules may be useful to the makers of chronometers. 

29 B. In some cases, nay, in several, the object of the me^ 
chanist is not to destroy or to diminish friction ; but to create 
it. Friction furnishes the most simple and efficacious means 
of checking and destroying motion. Thus, in complex ma^ 
chines, friction is augmented by transferring it from the centre 
to the circumference of a wheel ; but simpler methods are often 
employed, as when the motion of a ship is checked by the rub- 
bing of a rope against the circumference of a post about which 
it is coiled. 

Professor Leslie has thus examined the nature of this species 
of friction. Let a flexible cord i^abcq wind about the circum- 
ference of a pulley or cylinder’, of centre o, radius oa, ob, &c. 
so as to be in contact with a part of it, and let a weight r, 
at one end of the cord, be drawn by a force a at the other 
end, the cord rubbing against the portion abc of the cylinder. 
[The figure may at once be sketched from the description.! 
The pressure of the cord against the cylinder at any point will 
be in proportion to the degree of its inflexion. Conceive the 
arc ABC to be divided into elementary portions, then will the 
tension of the cord in the direction of a tangent as at b, be to 
the pressure of the element 6b, as the radius ob to 6b, If 1 : m 
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denote tbe ratio of the pressure of 6 b to its friction 

express the proportional increase of tension from 6 to B* ^Sup- 
pose the successive tensions to be represented by r? ^ 

then b' - b = f , f'' - f' rr &c. consequently, 

the hyp. log. of = wz * angle Aoc. Hence, as- 

suming equal angles about the centre o, the corresponding ten- 
sions will constitute a geometrical progression. Thus, if abc 
were a quadrant, and a weight p of 1 pound balanced a traction 
of 2 pounds at c, it would uphold 4 pounds at the end of the 
semicircLimference, 8 pounds at ^70% 16 pounds at a complete 
revolution ; 256 lbs,, 4096 lbs. and 65536 lbs. at the end of 2, 
3, and 4 convolutions. Thus it appears that the augmentation 
of friction is extremely rapid; and that after a very few coils 
of the cord a small weight will suffice to support a most enor- 
mous load. 

The practical result differs only in a small degree from this 
result of an assumed theory ; and it is modified exceedingly by 
a change in the magnitude of the cylinder. Hence, the firm- 
ness procured by the wrapping of cordage; and hence is de- 
rived the principle of some fire-escapes and other engines, in 
which the celerity of descent from a great height is diminished, 
and the shock against the ground rendered comparatively gentle 
and safe. An analagous principle occurs in the next inquiry. 

30. Since cords and ropes are not perfectly flexible, it be- 
comes necessary in estimating the advantages of pulleys, cap- 
stans, &c. to make some allowance for this want of flexibility : 
in this case we may have recourse to a theory which is far more 
satisfactory than any which has yet been invented with regard 
to friction, and which accords far better with experiment. The 
most useful formulas may be deduced in a very small compass. 
Thus, let AC=CB— r, the radius of a pulley (fig. 3. pi. I.) and 
two weights w and u in eqiiilibrio ; if w should prevail, it is 
obvious that the cord nu becomes in the upper part bent so as 
to fit to the groove of the pulley, and in the lower part bent in- 
wards so as to fall into the vertical 6w : if the cord be tolerably 
flexible, the curving is pretty regular from b almost down to 
w : but if the cord be very rigid, bew and Ana are found to be 
nearly straight lines, but neither of them vertical ; the weight 
Q being found to hang vertically below some point as making 
ca greater than.CA, and the weight w hanging below some point 
6 where c6 is less than cb,. So that as the arm of the lever at 
which one of the forces acts is become greater, and that of the 
other less than r, the condition of equilibrium is no longer wrza. 
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When the cord is only moderately rigid, as in most practical 
cases, the distance b 5 is always found so extremely small that 
it may be safely neglected in the discussion ; that is, we need in 
such cases pay no regard to the want of flexibility in the part 
BEw corresponding to the w’^eight w which is supposed to pre- 
vail; but merely inquire into that of the part abq by which 
the other weight is suspended. Hence, if we put Aa zz the 
condition of equilibrium will be expressed thus: 

wr = Q (r + 5 ). 

From this it results, that if w — a be the magnitude by which 
we should augment the power, that it may be on the point of 
prevailing; and if we have regard to the stifiness of the cord, 

this magnitude will be w — a zz a • Consequently, fo 

traduce the consideration of the stiffness (f the cord employed in 
a madhine^ we ham only to suppose that the arm of the lever 
at which the resistance acts is gr'eater than it really is, by a 
determinate quantity q. 

It remains, then, to ascertain this quantity q : in order to 
which, it may be observed that a cord resists, on two accounts, 
the efforts which are made to bend it* The first is due to the 
tension of the cord, and is proportional to it, it will therefore 
be = 5 Q ; the second is due to its warping or twisting, and we 
may represent by a the force employed to overcome it. Here 
a and b are, as is manifest, variable coefficients. Thus, for one 
and the same cord, a + iu may represent the force required to 
bend it : but, if the cord be changed, the diameter a will be 
difierenf, and we may conclude that, the force 

which must be employed will be proportional to a certain power 
n of d ; for the force necessary to bend a cord will increase with 
its diameter ; this power will decrease on the contrary with the 

radius r of the pulley ; therefore (a-f 5 q) may represent the 

force necessary to overcome the stiffness of the cord ; n being 
as yet an indeterminate quantity. This value being the aug- 
mentation which must be given to the force or weight w that it 
may be on the point of prevailing over the resistance a, must, 

from what is before shewn, be equal to a Thus we have 

d" {a + ho) zz aq, or q =z ~ (a + bo) . . (a). 

This equation 5 it is true, is only furnished by general con- 
siderations, and not by a rigoi'ous investigation : it contains, 
moreover, the unknown coefficients % a, and b, varying for 
different cords. But there is a simple method of finding these 
coefficients, and of assuring ourselves that the expression is 
sufficiently exact in practice. 

T) 2 
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31. Choose any cord, and after bending it along the groove 
of a pulley, as the cord qdabew (fig. 3.), attach to it two equal 
weights, and augnient one of them till it is just on the point of 
prevailing so as to give motion to the system, marking the dif- 
ference of the weights. Make a similar experiment four times, 
taking as many different values of w and of a, also of r: so 
shall there be obtained four values of w — a, that is to say, ot 

(a ho), which will furnish four equations. Putting e. 

Jig, h, these values, and denoting hy r, r’, r”, r"V the several 
'radii of the pulleys, and a, a', a", a'", the weights employed in 
their turns, w'c shall have ^ 

e — {a b^) . • . . J ~z -- (a -\r ho!) 

+ • • • • b ~ {a ho!") 

Of these equations tlie three ;Srst serve to discover the values of 
and b ; and the last enables us to assure ourselves whether 
the formula (a) has the accuracy we wish. 

As to experiments on the" rigidity of ropes and cordsj we 
know none of any great importance and extent besides those of 
M. Coulomb. These experiments were made mdi two kinds 
of apparatus, one contrived by M. Amontons, the other by 
Coulomb himself: the experiments made by means of one in- 
strument corroborated the results of those made by the other : 
but we shall here merely describe the experiments by means of 
Coulomb’s apparatus, which we prefer because it was contrived 
to ascertain at the same time that kind of friction which is oc- 
casioned by the rolling of cylinders upon horizontal planes. 

The apparatus consists of two tressels of 6 feet in height, and 
sufficiently solid and firm, on which there are laid two pieces of 
squared wood ; upon these two pieces of wood are fixed two 
rulers of oak well planed, ni), M (fig. 4. pL h nos. 1, and 
polished with a little fish-skin: then two cylinders of lignum 
vitm are procured, one of 6 inches diameter, the other of two 
inches; together with several cylinders of elm from S to IS 
inches in diameter. 

These things prepared, in order first to find the friction of the 
rollers, they are laid horizontally upon the two rulers of oak, 
and crossing their directions perpendicularly, as represented in 
fig. 4, no. 2. the rulers being in a perfectly horizontal position : 
then suspend on each side of the roller in use a weight of 50 lbs. 
with very fine and flexible packtlmead; or indeed by means of 
several such threads distributed over the roller, and charged 
each with 50 lbs. on each side, produce upon the rulers any 
determinate pressure ; and ascertain by the aid of little coun- 
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terweights suspended alternatelj on the different sides of the 
roller what will be the force necess^^^ give it a motion 
barely sensible. 

The friction of the rollers being estimated by the preceding 
method, it will be easy to allow for it, when instead of the very 
flexible packthread, the cords or ropes of which the stiffness is 
to be determined are substituted. And this new determination 
will be made in the same manner as with respect to the nascent 
friction by suspending the little weights alternately on each side 
of the rollei', so that they shall give it a motion just perceptible. 

It is obvious to remark that this method of estimating the 
effects of the rigidity of cords will furnish results directly ap- 
plicable to the preceding formulas ; for the weights which pro- 
duce the very small motion in the cylinders will be precisely 
equal to the augmentation of the resistance ax’ising from the 
stiffness of the cord, estimated in the direction of that portion 
of the cord to which the resistance is applied that represents 
the usual effect of the machine. 

33. We shall first exhibit the results of M. Coulomb'^s expe- 
riments, on the second species of friction, produced by rollers 
of lignum vitm of 6 and of 2 inches diameter. 


Weights which produce an extremely slow motion, the 
diameter of their rollers being 



From this table M. Coulomb infers that the friction of cy- 
linders which roll upon horizontal planes is directly as the 
pressures, and inversely as the diameters of the rollers. He 
also found that greasing the surfaces did not here cause any 
sensible dinimiitioii ill the friction. 

Note. The foot and the pound spoken of throughout these 
experiments are those of the ancient Paris standard: we have 
not reduced them to English measures, since the deductions 
founded upon the experiments do not render this necessary. 

Hollers of elm produced a friction of about the ^ greater 
than lignum vitse. And under small pressures the friction was 
rather greater than would result from the law of friction being 
proportional to the pressure. 

34. We shall next present the results of Coulomb’s experi- 
ments upon the rigidity of cords, and different rollers between 
2 and IS inches in diameter; the deduction for the friction is 
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stated in the table, and a comparative column exhibits the ri- 
gidity deduced from the experiments made with the apparatus of 
Amontons. The cords were of three kinds : No. 1, of 6 threads 
in a yarn, or 2 in a strand, the circumference lines, apd 
weight of a foot in length 4| drams. No. 2, of 15 threads in 
a yarn, or 5 in a strand, circumference 20 lines, weight of a 
foot in length 12| drams. No. S, of 30 threads in a yarn or 
10 in a strand, circumference 28 lines, weight of a foot in 
length 24| drams. 


Addition, 

Wei-^hts to^su''r- of ' _ _ 

rt j T Kinds of wood i ^ , the rulers Friction 

. diameter and ^ , which of the 

in the expe- , ^ each ^e friction of ^ 

riinents. ^ the roller roller and 

in lbs. stiffness ,* 1 


Kinds of wood 
diameter and 


stiffness 
of cords. 


Cord No. 
3. of 30 
threads in 
a yarn. 


2 Idem. 


3 Idem. 


4 I Idem. 


Cord No. 
2. of IS 
threads in 
a yarn. 

f Cord No, 
) I. of 6 
j threads in 
V a yarn. 


Elm 

12 inches 
diameter, 
weight 
110 lbs. 

Elm ■ 
6 inches 
diameter, 
weight 
25 lbs. 
Guiacum 
6 inches 
diameter, 
weight 
50 lbs. 
Guiacum' 
2 inches 
diameter, 
weight 
424 lbs. ^ 
Guiacum ' 
6 inches 
diameter, 
weight 
50 lbs. 


5 lbs. 315 
11 721 


If lOIf 

e 256 

II 461 

24 ^ 1074 


Stiffness of the Cord. 

Valued 
by Cou- 
lomb’s 
apparatus. 

Valued 
by Amon- 
ton’s ap- 
paratus. 

3*5 

. 4-4 

7-4 

10-4 

14-4 

16-4 

13-2 

14*8 

8-2 

17*6 

7-6 

17*8 

3-3 

3*1 


From this table it will be seen that the method of Amontons 
and that of Coulomb furnish nearly the same results : M. Cou- 
lomb ascribes the differences where greatest to the circumstances 
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of the cords having been more used previous to their being taken 
for one kind of experiment than for die other- 

S5. M. Coulomb, before he commenced the experiments upon 
the friction of axes, caused the pulley to tuyn on its axis during 
such a time and with such a velocity as was necessary to enable 
the surfaces in contact to acquire all the polish and glibness of 
which they were susceptible. The chief object held lU vie w in 
the experiments of which we now speak was to determine the 
friction of the axis of machines in motion. M. Coulomb there- 
fore caused the suspended weights to run over a space of 6 feet, 
and to measure separately by half seconds the time employed to 
nm over the first three feet, and that occupied in running over 
the last three feet. The following table contains the results of 
experiments on the friction of axes of iron in boxes of copper : 
the axis used was 19 lines in diameter, and had a play of l|r 
lines in the copper box, the pulley was 144? lines in diameter, 
and weighed 14 pounds. 
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The weights employed to bend the cord, and which are con- 
tmned in the fourth column, were calculated from the tensions 
expressed in the 5th colunan, by means of the forraulse already 
given, and the results of some previous experiments. These 
weights being subtracted from those of the 6th column, which 
put the system in motion, leave the weights employed in over- 
coming the friction. These latter weights acting at a distance 
from the centre of rotation equal to the sum of the radii of the 
pulley and the cord : the friction which is exerted upon the axis, 
and which in the case of a very slow motion may be considered 
as making an equilibrium with those weights, is therefore equal 
to the product of those weights into the ratio of the sum of the 
radii or the pulley and the cord, to the radius of the axis, which 
ratio is very nearly 7 to when the weight is suspended by a 
thin packthread, and nearly 7»S to 1, when it is suspended by 
the cord No. 1. From these considerations the 9th column was 
calculated. The weights comprised in the 8th column are com- 
posed, 1. Of the weight of the pulley or cylinder ; 2, Double 
the corresponding weight in the 5th column ; 3. The weights 
contained in the 6th column ; for the sum of these evidently 
compose the pressure upon the axis. Hence, to find the ratio 
of the friction to the pressure, as expressed in the lOtli column, 
it is only to divide any number in the 9th column by the cor- 
responding one in the 8th. 

36. When it is proper to have regard to the velocity of the 
weight, to ascertain the effort which surmounts the friction and 
the stiffness of the cord, we may observe at once that in this 
case the motion is nearly a uniformly accelerated motion, since 
the first 3 feet are described in a time about double that employed 
in running over the last 3 feet. It remains, therefore, to learn 
what part w of the additional weight stated in the 6th column, 
which we call was employed in accelerating the motion of 
the suspended weight ; for the other part of the additional weight, 
VIZ. is manifestly that which surmounts the friction and 
the stiffness of the cords. Now t being the time of the whole 

descent, the accelerating force which has place is equal ; 

and, naming w the total sum of the weight hanging upon the 
pulley comprising in it 7 pounds for the inertia of the pulley, 
which weignedl4 pounds, and the accelerating force of gravity, 

the mass put in motion will be and the product of that mass 

by the accelerating force wiU be ; which being subtracted 
from the additional weight which put the pulley in motion, gives 
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the quantity w-^, or the part of the weight a; employed to 
overcome the sPffness of the cord and the friction. 

^ It appears from the Tth, 8th, 9th, 10th, 11th, and 12th ex- 

penments, that the friction of axes of iron in boxes or cheeks of 
^ cart-grease than by tallow. 

^ iVl. Coulom endeavoured to ascertain the 

riction of axes of rotation made of the different kinds of wood 
wnicn are commonly found in rotatory machines. To render the 
inction more sensible he used pulleys of 12 inches mounted upon 
axes 01 6 inches ; sometimes the axes were immoveable, at others 
tliey moved, but in both cases the friction was the same: the 
proper precautions were adopted to smoothen the surfaces in 
contact, and thence to avoid the uncertainty and irreOTlaritv 

which might otherwise have attended the results. 


Kinds wood used in tfie ^wpevlnienis. friction to 

Axis of holm-oak, box of lignum vita^, coated with tallow 0*038 
^itto the coating wiped, the surface remaining oily . 0*06 
Axis and box as before, but used several times with- > 0‘06 

out having the coating refreshed . . j 0*08 

Axis of holm-oak, box of elm, coated with tallow . 0*03 
Ditto b<^h axis and box wiped, surfaces remaining oily 0*05 
Axis of box-tree, box of lignum vitae, coated with tallow 0*043 
Ditto the coating wiped, the surfaces remaining oily , 0-07 
Aps of box-tree, box of elm . , , . • 0*035 

Ditto the coating wiped off . / . , * 0*05 

Axi^of iron, box of lignum vitae, the coating wiped 1 a a/t 
off and the pulley turned for some time . y 
The velocity does not appear to influence the friction in any 
sensible manner, except in the first instants of motion : and in 
every case the friction is least, not when the surfaces are 
plastered over, but when they are merely oily. 

^ 38. The experiments on the stiffness of cords described (art, 
34.) were made in cases of motions nearly insensible ; but M. 
Coulomb inquired whether with a finite velocity the resulting 
effect of the stiffness of the cord were augmented or diminished . 
For this purpose he took a pulley and box of copper, and an axis 
of iron done over with tallow : the diameter of the pulley was 
144 lines, and that of the axis 20^ lines ; and the cord was one 
of 30 threads to a yarn, or No. 3. of which the stiffness with 
respect to insensible velocities was determined by some of the 
foregoing experiments. The ensuing table shows the results of 
the experiments : the w'eights w^ere made to run over a distance 
of 6 feet, and the times of describing the first three and the last 
three feet were measured by a half-second pendulumf 


No, of e3q>eriments. 
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Weight 
bung 
on each 
side the 
pulley. 


lOOlbs. 


‘200 


400 


000 


Addi- 
tional 
weight 
to move 
ithepull^. 


12 


[lO 

( 20*5 

24 


131 

j3l'5 


iS7 


Part of 
weight to 
[overcome 
friction 
and ri- 
gidity. 


7'51bs. 

7*6 


7*6 

n 

12*9 


12*2 

20*5 

19*9 


17-6 

131-S 

31*5 


Motion of the 
weights hung upon 
the pulley. 


Slow and cohtinued^ 

i first 3 feet in 3'' 
last 3 feet in 
firsts feet in 2'' 
lasts in 

Slow and uncertain, 
f first 3 feet in 6'' 

1 last 3 in 
first 3 feet in 3|" 


I last 3 in I M 


Slow and uncertain, 

i first 3 feet in 6''^ 
last 3 in S'" 
first 3 feet in 3'^ 
last 3 in 2''^ 

Doubtful and continued, 
f first 3 feet in 6''' 

( last 3 in 


Pressure 
'on the axis] 
in lbs. 


221 lbs. 


425 


834 


1235 


Weight 
acting at 
|extremity 
|of pulley, 
balancing 
the fric- 
tion. 


2*6 lbs. 


4*9 


9*7 


14*5 


Stiffness 
of the 
cord 
deduced 
from the 
weights 
which 
move the 
pulley, 


4*9 lbs. 


6*1 


10*8 


17*0 


Stiffness 
of the 
cord esti- 
mated 
from its 
tension 
and for- 
mer ex- 
Iperiments 


4*0 lbs. 


6*6 


11*8 


17*0 


It appeared in the table (art. 34.) that to bend the cord No. 3* 
of 30 threads in a yarn, about a roller of 12 inches diameter, 
and with a tension of SOOlbs. would require a weight of 
14-4 lbs. : of which weight the constant part due to the fabrica- 
tion of the cord is about 1*4 lbs: this value maybe retained, 
but it will be here proper to reduce the part due to the tension 
of the cord by the quintal to y (14*4--l *4) rr|- x 13r:2-6 


From these data the last column to the right of the above table 


was computed. 

39- To complete the object of the experiments it is necessary 
to have the stiffness of the cord without asserting any thing d 
priori on the values which had been previously found for such 
rigidity. To this end Coulomb has estimated the friction of the 
axis from its charge and the experiments of art 35; where it 
appeared that this friction was independent of its velocity and 
equal to 0-087 of the pressure. This friction which is exerted 
at the surface of the axis being computed, and the radius of the 
axis being to the distance between the centre of rotation and 
the middle of the cord as 1 to 7*5, it will be easy to calculate 
the weight which acting in the vertical direction of the middle 
of the cord may be in equilibrium with the friction in each ex- 
periment; and these weights are contained in the 7th column. 
Subtracting these weights from the additional weights contained 
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in the 3d columiij namely those which put the pulley in motion^ 
we have in the case of a very slow motion the values of the 
weights which just surmount the stiffness of the cord; these 
weights are comprised in the 8th column, and differ but little 
from those calculated immediately and contained in the 9tli 
column. 

40. Now to know if the greater or less velocity of the weight 
suspended upon the pulley has any influence upon the resistance 
due to the stiffness of the cord, we must in the case of the 
motion calculate what portion of the additional weight hung 
upon the pulley is employed in overcoming the friction and the 
rigidity of the cord. Here the formula of a preceding article has 

its application, : for, the time occupied by the weight 

in desciiblng the last three feet being nearly the half of that 
employed in describing the first three feet, the motion may be 
considered as uniformly accelerated, and the quantities m 
which result, and are contained in the 4th column, differ 
but little, as is manifest, from the weights employed to over- 
come the friction and the stiffness of the cords, in the case of 
an extremely slow motion. And as it appeared from the pre- 
ceding experiments that the friction was independent of the 
velocity, or that it opposed the same resistance to the motion 
in the different trials for each experiment ; it hence folio wis that 
the resistance arising from the stifiFness of the cord was likewise 
Constantin the same trials, and depended 7iot tipo7i the ^velocUy^ 
at least in a7iy such se^isible mamier as to merit our regard in 
computing the poxmrs qf machines, 

41. The in variableness of the resistance occasioned by the 
stiffness of cords, under different velocities, appears also imme- 
diately from the results comprised in the 5th column of the 
table, which, as before observed, proves that the motions were 
nearly uniformly accelerated. And from this property it fol- 
lows, that there is always a constant part of the weight or 
power employed in surmounting the friction and stiffness of the 
cords. 

/^Nevertheless,’’ adds M. Coulomb, it must be acknow- 
ledged, that it is not strictly true, that the augmentation of 
velocity does not augment the resistance due to the rigidity of 
cordage. This augmentation appears especially perceptible 
when the cords are stretched with weights or by forces that are 
under 100 pounds, I have estimated, by many trials, that in 
such cases a velocity of 8 feet per second would increase by 
nearly a pound the resistance occasioned by the stiffness of our 
cord of 30 tlireads in a yarn : but this augmentation of resist- 
ance seems to be a constant quantity for the same degree of 
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velocity, whatever the tension may be : in such sort that it ceases 
to be perceptible under great tensions^ and that there are but 
few circumstances in which it may not be neglected in 
practice : this augmentation with regard to the velocity appears, 
besides, much greater in new than in old cords, and in tarred 
cords than in those which are white or un tarred.’’ 

42. M. Coulomb deduces from these experiments the fol- 
lowing general conclusions r ^ ^ ^ ^ ^ ^ ^ 

(1.) That with respect to practice, in all rotatory machines 
the ratio of the pressure to the friction may always be supposed 
constant, and that the influence of the velocity is too small to 
need our regard. 

(2.) That the resistance which must be overcome to bend a 
cord over a roller or pulley is represented by a formula com- 
posed of two terms ; the first is a constant quantity independent 

of the tension, and of the form (art. 31.) where a is a con- 
stant quantity determined by experience, dP is a power of the 
diameter d of the cord, and r the radius of the roller ; the second 

term is — q., where 5 is a constant quantity, d, and r, as be^ 
fore, and a the tension of the cord. Thus the complete for- 
mula expressing the stiflhess of the cord is (a q- 6a). The 

power n varies according to the flexibility of the cord, but is 
usually about I**! or 1*8, or the resistance is proportional 

to the square of the diameter of the cord : when the cord is 
much used n decreases to 1*5 or even 1 *4. The following is a 
summary of results. 




White 

Cord, 


-a: 


Ms. 

:4*2. 


dn 


6.100 n 9^0 


of 30 threads in a yarn 

-15 . . . . . 

>- 6 . . . . . 

Tarred S a yarn 

Cord, ; ; ; • • 

43. Our knowledge of the nature of the friction of axes, and 
stiffness of cords, though confessedly very imperfect, may be 
introduced into the computation of the power of machines : this 
may be illustrated by an example of a capstan or windlass, 
where the general formula of an equilibrium will be this : 


= 1.2 
=0-2 
=(>•6 
= 2-0 
=0-4 


5-1 

2-2 

11-6 

&G 

24 


pa=aR'+ 


ro, 


a/(* +^) 




where p represents the power, and the other letters as below. 


THE CAPSTAN, AtEOWINC POE PEICTION, &c. '"''M- 

The weight to be elevated is 
o p lOOOIbs. 

The radius of the axis or pivot, which is of iron, is 
" r =: 2 inches. 

This axis turns in a box of copper ; the radius of the cylinder 
about which the cord is rolled is 

11 ^ zz 10 inclies. 

The arm of the capstan, or the radius, or distance at which the 
mea exert their force, is 

E = 10 feet r: 120 inches. 

The pivots are supposed to have been plastered with tallow some 
time, and the instrument often used, till the ratio of the friction 
to the pressure is reduced to that of experiment 15. in the table 
of article. S5. whence we have that ratio, or 

/=0-133, and V(l+^)=:'7.5851. 

The cord is supposed tarred, and of 120 threads in a yarn, 
which will support 12 or 14000 lbs. without breaking. Now 
a tarred cord of SO threads in a yarn requires a constant effort 
equivalent to 6*6 lbs. to bend it about a roller of 2 inches radius, 
and an effort proportional to the tension, of 11*6 lbs. for a quin- 
tal, or 116 lbs. for 1000 lbs. Here the radius of the cylinder 
being 10 inches, we must, first supposing the cords equal, di* 
minish these efibrts in the ratio of 10 to 2, viz. make their sum 
= T'b- (6-6 + 1 16) for 1000 lbs., and = ^ (6-6 4- 8711(0 for 
8000. And as the cord is of 120 threads in a yarn instead of 
SO, we must increase the last result, in the ratio of SO to 120, 
so shall we have f x 4 (6*6 -+ 928) rr 747*7 for 
which will surmount the stiffiiess of the cord, that is 

^ (« + ia) = 747-7. 

And since n 10, we have d" {a + 6a) = 7477. 

These values being substituted in the general formula it be- 
comes ■ 

P X 120 = (8000 X 10) + 4- 7477. 

- or, p = 666-6 + 17-577 4- 62-3 = 746-5 lbs. 

It will be necessary therefore to distribute at the extremities 
of the bars of the capstan eJBbrts whose sum shall be equivalent 
to 746«5 lbs. : that is, if a man makes an effort balancing 25 lbs., 
30 men will be required to move the weight of 8000 lbs. Had 
there been no friction, and were the cords perfectly flexible, the 

force necessary would have been only or 666-6, less than 

the other by almost 80 pounds, a difference which is more than 
equivalent to the force of three men. So that in this example 
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the friction and rigidity of the cord require an increase of be*^ 
tween an 8th and a 9th of the whole power which would other- 
wise have been requisite. 

Thisj however, we wish to be received only as an approxima- 
tion. The details which have been here entered into will, w^e 
trust, be found of some utility in directing the practice, and 
may furnish some hints to those who have time and inclination 
to adopt other series of well-conducted experiments ; and thus 
supply these most important desiderata in practical mechanics. 

ON THE EHEE&Y OF FIRST MOVERS. 

4j 4. The consideration of the absolute and relative forces of 
different kinds of first movers is of too great consequence in the 
application of mechanics to be entirely omitted in this perform- 
ance : we shall, therefore, present the reader with some ob- 
servations and tables respecting the chief classes of powers used 
to drive machinery, viz. water, air, steam, gunpowder, and 
animal exertion. 

Water is generally made to operate upon machines by means 
of its momentum when in motion: but it may also be used, 
and that as a very powerful mover, when acting by its pressure 
merely. In the theory of hydrostatics (art. 387.) 'vve ex- 
plained the principle of the hydrostatical paradox, in which it 
is asserted that any quantity of water or other fluid may be 
made to support any other quantity or any weight, however 
great, and indeed to the greater weight until it reaches 
such a height as ensures the equilibrium. Thus in the hydro- 
static bellows the weight of a few ounces of water is made to 
raise several hundred pounds. And in like manner Otto Gue- 
ricke of Magdeburg made a child balance, and even overcome, 
the puli exerted by the emperor’s six coach horses, merely by 
sucking the air from beneath a piston. This great power de- 
pends upon the fundamental property of fluids, that they press 
equally in all directions. late Mr. Bramah obtained a 

patent for a machine acting as a press on this principle of the 
guaqua mrsuin pressure of fluids: A piston of ^ of an inch 
diameter forces water into a cylinder of 12 inches diameter, 
and by this intervention raises the piston of the cylinder : so 
that a boy acting with a fourth part of his strength on the 
small piston, by means of a lever, can raise about 94080 lbs. or 
42 tons pressing on the great piston; the increase of power 
being as I to 4^ x 12® or 1 to 2304. This contrivance will be 
more minutely explained under the article ‘Bb,awam*s maekmey 
in the alphabetical part of this volume ; its applications are nu- 
merous and highly important. 
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45. As to the effect of water in motion, it will manifestly de- 
pend upon the qiiantity of fluid and its velocity jointly. When 
the water runs through a notch or an orifice of a regular form 
situated in the bottom or side of a reservoir, the quantity dis* 
diarged in any given time may be determined by the rules laid 
down for those purposes in VoL !• Book I¥. If be the area 
ot any plane exposed to the action of a current of water, and ?? 
the velocity per second with which the fluid strikes the plane, 
then will the force of the fluid be equivalent to the weight of a 

volume of water expressed by where g represents 3^^ 

feet, on the supposition that the water strikes the plane directly: 
but if the fluid strike the plane obliquely and i represent the 
angle of incidence, the force will be equivalent to the weight of 

the column si n^ i. Or, since a cubic foot of water weighs 

62| l!)s. averd., if v and s be expressed in feet, we shall have 

6 ** 3 1 ' U.J ♦ 

“15^ — Sin® I *971502 i u® lbs, averd* for the equiva- 
lent weight, which becomes barely -971502 v- lbs. when the 
jflane is directly opposed to the fluid. See also art. 467. vol, i. 

46. In the determination of the velocity of the stream it will 
be necessary cither to ascertain the height A through which the 
water has fallen freely, as from the end of a spout, when 

or nearly 8 v/ A, will shew the velocity, 7^ being in feet; or when 
the water issues through an orifice in the bottom or side of a 
reservoir, to have recourse to Chap. 1 and 2. Book IV, vol. I. 
before referred to. If the stream be ample without much fall, 
such as must necessarily be applied to move an undershot wheel 
by its impulse, the power will be determinable from the velocity 
ol‘ the water and the quantity which passes through the section 
of its bed. Dr. Desaguliers, in his Experimental Philosophy, 
vol. II. pa. 419. gives the following easy method of ascertain- 
ing these data: Observe a place where the banks of the river 
are steep and nearly parallel, so as to make a kind of trough 
for the water to run through, and, by taking the depth at various 
places in crossing, make a true section of the river. Stretch a 
string at right angles over it, and at a small distance another 
parallel to the first. Then take an apple, an orange, or other 
small ball, just so much lighter than water as to swim in it, and 
throw it into tine water above the strings. Observe when it 
cx)mes under the first string, by means of a half second pendu- 
lum, a stop-watch, or any other proper instrument ; and ob- 
serve likewise when it arrives at the second string. By these 
nieans the velocity of the upper surface, which in practice may 
generally be taken for that of the whole, will be obtained. Anti 
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the section of the ri%’cr at the second string must bo ascertained 
by taking various depths, as before, if this section be tlic same 
as the former, it may be taken for the mean section ; if not, 
add both together, and take half the sum for the mean section. 
Then the area of the mean section in square feet being multi- 
plied by the distance between the strings in feet, will give the 
contents of the water in solid feet, which passed front one string 
to the other during the time of observation ; and this by the 
rule of three may be adapted to any other portion of time. 
Suppose, for example, the time were and the hourly ex- 
penditure of water were required, the proportion would be, as 
: 8600'^ : : the number of cubit feet between the two strings : 
the hourly expenditure in cubit feet. If the mere velocity be 
required with reference to any fixed interval of time, a similar 
proportion will give it, only observing to take, instead of the 
solid content or capacity in the third term, the distance between 
the two strings. 

T he operation may often be greatly abridged by taking notice 
of tlie arrival of the floating body opposite two stations on the 
shore, especially when it is not convenient to stretch a string 
across. An arch of a bridge is a good station for an experi- 
ment of this kind, because it affords a very regular section and 
two fixed points of observation: and in some instances the sea 
practice of heaving the log may be advantageous. Where a 
time-piece is not at hand, the observer may easily construct a 
half-seconds or quarter-seconds pendulum : the former may be 
made by suspending a small round (not flat) button, or other 
spherical weight, by a thread looped over a pin of such a length 
that the distance from the point of suspension to the centre of 
the weight shall be 9*8 inches: the quarter-seconds pendulum 
must be a fourth of this length. If, by observations at several 
stations above and below any particular point of the river, the 
velocity does not appear to vary, the section of the river in jill 
that space may be considered as uniform ; and it will not be 
necessary to determine more than one section by actual measure- 
ment. See also the article Stream-^7?zeasiirers in this volume. 

47. Th.c effect of undershot and overshot wheels has been 
very variously stated by different authors; the most valuable 
and correct observations are those of Mr. Smeaton, an abstract 
of which was given in Chap. 4. Book IV. voL I. The numer- 
ous practical remarks and experiments related in that chapter 
and the second chapter of the same book, will render it unne 
cessary for us now to dwell longer upon the effects of water as 
a mover of machinery. 

48. Air is the next natural mover we propose to consider. 
And tliis, like water, may be regarded either as at rest, or in 
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motion. The pressure of the atmosphere in a medium state is 
equivalent to the weight of 14f or 15 lbs. avei'dupois on a 
square inch, and this pressure will support, and, by means of a 
sucking pump, ra-ise water to the height of about 33 feet; it 
supports mercury in the barometer at the height of 28 to 32 
inches. In many modern machines the pressure of the atmo- 
sphere furnishes the moving power. 

The density of air is, at a medium, about 833 times less than 
that of water : if we take round numbers and reckon 800 to 1 
for the ratio of the densities, and put s® for the surface on which 
the wind strikes, » for the velocity with which it moves, and i 
for the angle of incidence, then the force of the wind will be 
equal to the weight of a volume of water expressed by 

sin -I = .0012M4 sin °i lbs. averdupois. 

This formula, lioweverj is only an approximation, and would 
lead to considerable errors whew the velocities are great: on 
this subject we have treated pretty fully in art» 554, &c, Book 
V. voL I., where the tables of Dr. Hutton, Mr. House, &c. are 
exhibited: the following is Mr. Rouse’s table of velocity and 
corresponding force in tlie form it was originally given by Mr, 
Sineaton; and is inserted liere, because it facilitates the com- 
parison of velocities expressed in miles and feet. 


Velocity of the Wind. 

Perpendicular force 
on one square foot, 
in averdupois 
pounds. 

Miles in 
one hour. 

=» feet in one 
second. 

1 

■■ 

-005 

2 

2*93 

*020 

3 

4*40 

-044 

4 

5-87 

-079 

5 

7' 33 

•123 

10 

14-67 

•492 

15 

22-00 

1-I07 

20 

2.9-34 

1-968 

' ,25 

36*67 

3-075 

SO 

44-01 

4-429 

55 

51-34 

6-027 

40 

58-68 

7*873 

45 ■ 

66-0 1 

9-963 

50 

73-35 

12-300 

60 

88-03 

17 -^ 115 ' 

80' 

117-36* 

3! -490 

. ,1(10 

146-70 

49-200 


' 49. As it is not easy to observe the true velocity ot the wind, 
and thence determine its Ibrce, several pliilosophcTs have in- 
vented instruments called Anemometers or wind gages,, by 

' K 2 
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which die force of the wind may be ascertained independont of 
its velocity. M. Bouguer contrived a very simple instrument 
for this purpose: it is a hollow tube aabb (fig. 5. pi. L) in 
which a spiral spring cn is fixed, that may be more or less 
compressed by a rod fsb passing through a hole within the 
tube at A A. Having observed to what degree different forces 
or given weights are capable of compressing the spiral, put di- 
visions upon the rod in such a manner that the mark observed 
at s in all positions of that rod shall indicate the weight requi- 
site to force the spring into the corresponding position cd. 
Afterwards join perpendicularly to this rod at f a plane sur- 
face EFE of a given area, either greater or less, as may be 
j udged proper : then nothing more is necessary than to oppose 
this instrument to the wind, in order that it may strike the 
surface in the directions VE, ve, parallel to that of the rod^; 
and the mark at s will shew the weight to which the wind is 
equivalent. It will then be easy to reduce any observed force 
to a volume of water equivalent to it in energy ; and so in ali 
cases ascertain the magnitude of the force which the wind exerts. 

50. The most usual method of applying wind as a mover of 
machinery is in the construction of windmills for different pur- 
poses, in which the wind produces its effect by Impulse upon 
the sails. In these machines, therefore, whatever varieties there 
may be in the internal structure, there are certain rules wdth 
regard to the position, shape, and magnitude of the sails, which 
will bring them into the best state for the action of the wind, 
and the production of useful effect. These particulars have 
been considered much at large by Mr. Smeaton : for this pur- 
pose he constructed a machine of which a particular description 
is given in the Philosophical Transactions, vol. 51. or in the 
quarto collection of his Miscellaneous Papers,” p. 55. By 
means of a determinate weight it carried round an axis with an 
horizontal arm, upon whidi were four small moveable sails. 
Thus the sails met with a constant and equable blast of air ; 
and as they moved round, a string with a weight affixed to it 
was wound about their axis, and thus showed what kind of 
size or construction of sails answered the purpose best. With 
this machine a great number of experiments were made; the 
results of which are as follow: 

(L) The sails set at the angle with the axis, proposed as the 
best by M. Parent and others, wz. 5S% was found to be the 
worst of any that was tried. 

(^,) When the angle of the sails with the axis was increased 
from W to 75% the power was augmented in the proportion 
of 31 to 45 ; and this is the angle most commonly in use when 
the sails are planes. See art. 547. vol, I, 
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(3.) Were nothing more requisite than to cause the sails to 
ac([uire a certain degree of velocity by the wind, the position 
recommended by M. Parent would be the best. But if the sails 
are intended with given dimensions to produce the greatest ef- 
fects possible in a given time, we must, if planes are made use 
of, confine our angle within the limits of 72 and 75 degrees. 

(4.) The variation of a degree or two, when the angle is near 
the best, is but of little consequence. 

(5.) When the wind falls Upon concave sails it is an advan- 
tage to the power of the whole, though each part separately 
taken should not be disposed of to the best advantage. 

(6.) From several experiments on a large scale, Mr. Smeaton 
has found the following angles to answer as well as any. The 
radius is supposed to be divided into six parts ; and ^th, reckon- 
ing from the centre, is called 1, the extremity being denoted 6. 


No. 

Angle with 
that axis. 

Angle with 
the plane of 


motion. 

1 


18^ 

S 

71 

19 

s 

72 

18 middle. 

4 

74 

16 

5 

77A 


6 

83 

7 extremity 


(7.) Having thus obtained the best method of loeatlierhig the 
sails, i. e. the most advantageous manner in which they can be 
placed, our author’s next care was to try what advantage could 
be derived from an increase of surface upon the same radius. 
The result was, that a broader sail requires a larger angle ; and 
wlien the sail is broader at the extremity than near the centre, 
the figure is more advantageous than that of a parallelogram. 
The figure and proportion of enlarged sails, which our author 
determines to be most advantageous on a large scale, is that 
where the extreme bar is one-third of the radius or whip (as the 
workmen call it), and is divided by the whip in the proportion 
of 3 to 5. The triangular or loading sail is covered with board 
from the point downward of its height, the rest as usual with 
cloth. The angles above-mentioned are likewise the most 
proper for enlarged sails; it being found in practice, that the 
sails should rather be too little than too much exposed to the 
direct action of the wind. 

Some have imagined, that the more sail the greater would be 
the power of the windmill, and have therefore proposed to fill 
up the whole area; and by making each sad a sector of an el- 
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iipsis, according to M. Parent's metliod, to intercept the whole 
c'ylinder of wind^ in order to produce the greatest effect possi- 
ble. From our author's experiments, however, it appeared, 
that when the surface of all the sails exceeded seven-eighths of 
the area, the effect was rather diminished than aiigmpted. 
Hence he concludes, that when the whole cylinder ot wind is 
intercepted, it cannot then produce the greatest effect, for w^ant 
of proper interstices to escape. 

It is certainly desirable (says Mr. Smeaton,) that the sails 
of windmills should be as short as possible ; but it is equally 
desirable, that the quantity of cloth should be the least that 
may be, to avoid damage by sudden squalls of wind. The best 
structure, therefore, for large mills, is that where the qiiaiuity 
of cloth is the greatest in a given circle that can be: on this 
condition, that the effect holds out in proportion to the quantity 
of cloth ; for otherwise the effect can be augmented in a given 
degree by a lesser increase of cloth upon a larger radius than 
would be required if the cloth %vas increased upon the same 
radius.*', ^ 

(8.) The ratios between the velocity of windmill sails un- 
loaded, and when loaded to their maximum, turned out very 
different in different experiments ; but the most common pro- 
portion was as 3 to £. In general it happened that where the 
power was greatest, whether by an enlargement of the surface 
of the sails or an increased velocity of the wind, the second term 
of the ratio was diminished. 

(9.) The ratios between the least load that would stop the 
sails and the maximum with which they would turn, were con- 
fined betwixt that of 10 to 8 and 10 to 9 ; being at a medium 
about 10 to 8*3, and 10 to % or about 6 to 5; though on the 
whole it appeared, that where the angle of the sails or quantity 
of cloth was greatest, the second term of the ratio was less. 

(10.) The velocity of windmill sails, whether unloaded or 
loaded, so as to produce a maximum, is nearlj’' as the velocity 
of the wind, their shape and position being the same. On tliis 
subject Mr. Ferguson remarks, that it is almost incredible to 
think with what velocity the tips of the sails move when acted 
upon by a moderate wind. He has several times counted the 
number of revolutions made by the sails in 10 or 15 minutes; 
and, from the length of the arms from tip to tip, has computed, 
that if a hoop of the same size w^re to run upon plain ground 
with an equal velocity, it w’oiikl go upwards of 30 miles in an 
hour, 

(11.) The load at the maximum is nearly, but somewhat less 
than, as the square of the velocity of the wind ; the shape and 
position of the sails being the same. 
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(1£.) The effects of the same sails at a maximum are nearly, 
but somewhat less than^ as the cubes of the velocity of the 
wind. 

(13.) The load of the same sails at a maximum is nearly as 
the squares, and the effect as the cubes of their number of 
turns in a given time. 

(14.) When sails are loaded so as to pi’oduce a maximum at 
a given velocity, and the velocity of the wind increases, the 
load continuing the same; then the increase of effect, when 
the increase of the velocity of the wind is small,, will be nearly 
as the squares of these velocities : but when the velocity of the 
wind is double, the effects will be nearly as 10 to^7i; and when 
the velocities compared are more than double of that where the 
given load produces a maximum, the effects increase nearly in 
a simple ratio of the velocity of the wind. Hence our author 
concludes, that windmills, such as the different species for 
draining water, &c. lose much of their effect by acting against 
one invariable opposition. 

(15.) In sails of a similar figure and position, the number of 
turns in a given time will be reciprocally as the radius or length 
of the sail. 

(16.) The load at a maximum that sails of a similar figure and 
position will overcome, at a given distance from the centre of 
niotion, Will be as the cube of the radius. 

(17.) The effects of sails of similar position and figure are as 
the square of tiie radius. Hence augmenting the lengtli of the 
sail without augmenting the quantity of cloth, does not increase 
tlie power ; because what is gained by length of the lever is lost 
by the slowness of the motion. Hence also, if the sails are in- 
creased in length, the breadth remaining the same, the effect 
tvi 11 be as the radius. 

(IS.) The velocity of the extremities of the Dutch sails, as 
well as of the enlarged sails, either unloaded or even when 
loaded to a maximum, is considerably greater than that of the 
wind itself. This appears plainly from the observations of Mr. 
Ferguson, already related, concerning the velocity of sails^ 

(19*) From many observations of the comparative effects of 
sails of various kinds, Mr. Smeaton concludes, that the enlarged 
sails are superior to those of the Dutch construction. 

(^0.) He also makes several just remarks upon those wind- 
mills which are acted upon by the direct impulse of the wind 
against sails fixed to a vertical shaft: his objections have, we 
believe, been justified in every instance by the inferior efiicacy 
of these horizontal mills. 

The disadvantage of horizontal windmills (says he) does 
not consist in this, that each sail, when directly opposed to the 
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wind, is capable of a less power than an oblique one of the same 
dimensions ; but that in a horizontal winclmill little more than 
one sail can be acting at once ; whereas, in the common wind- 
mill, all the four act together; and therefore, supposing cacli 
tane of a horizontal windmill to be of the same size with that 
of a vertical one, it is manifest that the power of a vertical mill 
will be four times as great as that of a horizontal one, let the 
number of vanes be what they will. This disadvantage arises 
irom the nature of the thing ; but if we consider the further 
disadvantage that arises from the difficulty of getting the sails 
back again against the winds, &c. we need not wonder if this 
kind of mill is in reality found to have not above one-eighth or 
one-tenth of the power of the common sort ; as has appeared 

la some attempts of this kind,'’ 

51. Another first mover, of whose effects it may be proper 
to give some account, is Jr ed gunpowder. These effects are 
too violent and sudden to allow of their being applied to many 
})racticii[ purposes (the chief use of gunpowder being in the 
discharge of balls and shells from guns and mortars ;) but they 
are so prodigious aneV extraordinary, and are so important in 
the art of war, that it may be naturally expected shoiikl 
give some estimate of them in this place. 

Now, to understand the force of gunpowder, it must be 
considered that whether it be fired in a vacuum or in air, it 
produces by its explosion a permanently elastic fluid : and it 
appears from experiment that the elasticity or pressure of the 
fluid produced by this firing of gunpowder is, ewteris pai'ibus^ 
directly as Its density. " 

i determine the elasticity and quantity of this fluid pro- 
duced trom the explosion of a given quantity of gunpowder, 

premises, that the elasticity increases by heat, and 
diminishes by cold, in tfle same manner as that of the air and 
that the density of this fluid, and consequently its weight, is the 
same with the weight of an equal bulk of air, having the same 
elasticity and the same temperature. From these principles, 
and from the experiments by which they are established (iw a 

;i ^ he concludes 

toat the fluid produced by the firing of gunpowder is nearly -jS 

n generating powder itself; and that the 

volume or bulk of this air or fluid, when expanded to the rarity 
ot common atmosphenc air, is about 244 times the bulk of the 

in his Miscel. Phil. ' 

oooto?*. 7'^’ P makes the proportion as 
w~ if ’ i S'ays agrees with the computation of Messrs. 
Haukshce, Amontons, and Pelidor. 

Hence it would follow that any quantity of powder fired in 
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space, which it iidequate^^ fills, exerts at the in- 
s^aa o j s explosion against the sides of the vessel containing 
It, and the bodies It nnpels before it, a force at least 244 times 
greater than or, which is the same 

thing, than the press^ atmosphere; and this without 

considering the peat addition arising fixim the violent degree of 

heat with which it is endued at that time; the quantity of 
whidi augmentation is the next head of Mr. Robins’s enquiry. 
He determines that the elasticity of the air is augmented in a 
proportion somewhat greater than that of 4 to 1, when heated 
to the extremest heat of red-hot iron ; and supposing that the 
flame of fired gunpowder is not of a less degree of heat, in- 
Cl easing the former number a little more than 4 times, makes 
nearly 1000 ; which shows that the elasticity of the flame, at the 
nmment of explosion, is about 1000 times stronger than the 
dasticnty of common air, or than the pressure of the atmosphere, 
but, fiom the height of the barometer, it is known that the 
pressure of the atmosphere upon every square inch is on a 
medium 14|:lb. ; and thpefore 1000 times this, or 147501b. 
IS tile force or pressure of the flame of gunpowder, at the mo- 
ment of explosion, upon a square inch, which is very nearly 
ccjui valent to 6 tons and a half. 

force, however, diminishes as the fluid dilates Itself, 
and in that proportion, viz. in proportion to the space it occu- 
pies, It being only half the strength when it occupies a double 
spime, mie-third the strength when the triple space, and so on. 

Mr, Robins f urther supposed the degree of heat above men- 
tmned to be a IdiKl of medium heat; but^ in the case of 
laige quantities of powder the heat will be higher, and in very 
small quantities lower ; and that therefore in the former case 
the force will be somewhat more, and in the latter somewhat 
less, than 1000 times the force of the atmosphere. 

He furtheivfound that the strength of powder is the same in 
all variations in the density of the atmosphere : but that the 
moisture of the air has a great effect upon it; for the same 
quantity which in a dry season would discharge a bullet with a 
velocity of 1700 feet in one second, will not in damp weather 
give It a velocity of more than 32 or 1800 feet in a second, or 
even less, if the powder be bad, and negligently kept. Robins’s 
Iracts, vol 1, p. 101, &c. Further, as there is a certain 
quantity of water which, when mixed with powder, will pre- 
vent its firing at all, it cannot be doubted but every degree of 
moisture must abate the violence of the explosion; and hence 
the effects of damp powder are not difficult to account for. 

1 lie velocity of expansion of the flame of gunpowder, when 
hixxi in a piece of artillery, wdthout either bullet or other body 
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before it, 5s prodigiously great, viz. T(K)0 feet per second, or 
upwards, according to the experiments of Mr. Robins. But 
BI. Bernoulli, and M. Euler think it is still much greater. 

Dr. Hutton, after applying some requisite corrections to Mr. 
Robins’s numbers, and after remarking that the powder does 
not all inflame at once, as well as that about -/q- of it consists of 
gross matter not convertible into an elastic fluid, gives v 

125 X log. of for the initial velocity of any ball 

of given weight and magnitude, and n 

for the value of the initial force n of the powder in atmospheric 
pressures : where length of the bore occupied by the charge, 
5 rr whole length of the bore, d diameter of the ball, to rz its 

weight, 2p=:weight of the powder, 1?— experiments 

and results he found n to %"ary between 1700 and 2390; and 
the velocity of the flame to vary between 3000 and 47732; spe- 
cilying, however, the modification in Iiis computations which 
^vould give more than 7000 feet per second for that velocity. 
Taking 2200 for an average value of % and substituting 47 lor 
its square root in the above formula for t?, it becomes v zz 5875 

X log. of— ) for the velocity of the bail, a theorem which 

agrees remarkably well with the doctoris numerous and va- 
luable experiments; {Tracts^ vol. hi. pp.290 — 315.) though it 
falls a little short of the velocities observed in the years lSlS— 
1818, in the experiments earned on by General Millar, CoL 
Griffiths and myself. 

In a French work entitled “ Moiwement Ign^^ con ski ere 
priiicipalement dans la charge d’LUie Piece d’Artillerie,"’ pid^^ 
iished in 1809, there are advanced, among some notions which 
\VQ apprehend few philosophers will be inclined to adopt, some 
which may demand and deserve a careful consideration, Tlie 
author of this work observes that if a fluid draws its force, partly 
from a gaseous or aeriform matter, and partly from the action 
of caloric, which rarefies that aeriform matter; then its density 
in the process of dilatation, will follow the inverse ratio of the 
spaces described, and at the same time the intensity of the heat 
will follow the same ratio: so that the force of the totality of 
the fluid will conform to the inverse ratio of the squares of the 
spaces described.^ Pie then investigates two classes of fbrmulm : 
the first appertain to fluids which possess simply the fluid or 
acaTform elasticity, which are free from all heat exceeding the 
temperature of the atmosphere; wlietlier there be one or many 
gaseous substances signifies not, provided their temperature 
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agrees with that of the atmosphere ; for when these dilate they 
contorm the inverse ratio of the spaces described. The 
second relate to those which derive their elasticity as w-ell from 
the aeniOTm fluids as from the matter of^^ which pervades 
meni^ and which pe denominated elasticUu. to 

distinguish them froni those of simple or purely atrifQy'in elas^ 
ticity : these fluids^ in dilating, conform to the inverse ratio of 
the sfjuares^ of the spaces described. Thus the celerity of action 
or mixed elastic fluids, is to that of simple elastic fluids, as to 
s; whence it follows that mixed elastic fluids are more prompt 
and energetic in their action than others and hence also is in- 
lerred why the fluid produced by the combustion of gunpowder 
is more isnpetuous and more terrible in its operation than 
atmospheric air, however compressed it may be. The force 
exerted by the caloric to dissolve a quantity of powder, is re- 
garded as equal to that possessed by the fluid which results 
irooT that dissolution, and is named of dissohitlon of 
pow’der by lire : and the siirface qf least resist^^^ is that {its 
or the ball) wdiich yields to the action of the fluid. Tiie giin- 
to experiment by this author, was of seven 
dirkTent qualities, varying from 1000 the density of water, 
down to 946 the clensity of the powder used by sportsmen. It 
was found by theory, and confirmed by experiment, that the 
real velocity with which the elastic fluid considered under tlie 
volume of the powder, and penetrated by a degree of heat ca- 
pable of quadrupling the volume, would expand when it had 
only tlie resistance of the atmosphere to surmount, is ^2546*49 
feet, that is, about £734*4 feet English. 

Comparing the several forces which were calculated for the 
same quantity of powder in three different circumstances : 

1* When the fluid has only to surmount the atmospheric 
pressure, it has a force of dissolution which is proper to it, and 
winch, in a charge of 8 lbs. of powder, specific gravity 944* 7£, 
fora £4-pounder, acts upon the surface of least resistance with 
an^energy equivalent to 9747*8074 pounds. 

£- The fluid, retarded in its expansion by a surface of least 
resistance, whose tenacity (occasioned by the compactness and 
pressure of the wadding, &c.) T.rr 31 pounds, acquires by its 
elasticity a force “ 5£839* 1463 pounds, at the instant when 
that surface yields to its action. 

3. If the tenacity t,zz 298 pounds, the force of the fluid at 
the moment when the resisting surface vields to it will be equi- 
valent to. 417371 •4275 poimds., " ' 

^ If each of these forces be divided by the surface of least re- 
sistance, the c|uotieiit will indicate the force of each fluid 
filament, namely, 
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L That of the force of dissolution zi 173*63 

2. When t = 31 lbs. that of elasticity = 923*526 grains. 

s[ When T = 298 lbs. force elastic =7433.99 grains. 

Dividing again these latter ta.lues by the length of the 
charges, we shall have for the mean force of each elementary 
fluid particle 

1. Force of dissolution . . = 0*14£05 grains. 

2. When T = 31 lbs. force elastic = 0*75540 grains. 

3. When t =298 lbs. force elastic = 6*08174 grains. 

It appears, however, that equal charges of powder of the 

same quality, employed in the same piece, produce very different 
velocities, the more considerable being the resistance to the ex- 
pansion of the fluid, the less the velocity becomes. Thus, it is 
found that when t = 31 lbs. the velocity of the ball when ex- 
pelled at the mouth of the piece is 1563*6 feet: when t = 
298 lbs. V = 1350*9 feet. 

The following table will exhibit in one view, the velocities 
\Vith which a 24 pound ball issues from the mouth of a gun, 
when propelled with the several charges expressed in the first 
column. 1st. According to the theory developed in the volume 
from which we have made these extracts. 2dly. According to the 
experiments of M. Lombard at Auxerre, on guns for land ser- 
vice, 3dly. According to the experiments of M. Teixier de 
jSorbec, at Toulon, on guns for sea service. 4thly and 5thly5 
According to the determinations of Mr. Robins and Dr. Hutton. 
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It is the prodigious celerity of expansion of the flame of fired 
gunpowder which is its peculiar excellence, and the circum- 
stance in which it so eminently surpasses all other inventions, 
either ancient or modern: for as to the momentum of these 
projectiles only, many of the warlike machines of the ancients 
produced this in a degree far sui'passing that of bur heaviest 
cannon shot or shells; but the great celerity given to llicm 
cannot bo approached with facility by any other means than the 
explosion of powder. 
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5£. Since the important invention of the Steam-engine, an- 
other species of first movers has come under the consideration 
of the mechanical investigator, namely, such as arise from the 
volatilisation of different fluids. Of these the one most com- 
monly chosen is the steam raised from hot water, which is an 
elastic fluid, and which when raised with the ordinary heat of 
boiling water is almost 3000 times rarer than water, or more 
than 3 1 times rarer than air, and then has its elasticity equal to 
that of the common atmospheric air: by great heat it has been 
found that the steam may be expanded into 14000 times the 
space of water, and then exerts a force of nearly 5 times the 
pressure of the atmosphere : and there is no reason to suppose 
this is the limit : indeed some accidents which have happened 
prove clearly that the elastic force of steam may at least equal 
that of gunpowder. 

The observations on the different degrees of temperature 
acquired by water in boiling, under different pressures of the 
atmosphere, and the formation of the vapour from water under 
the receiver of an air-pump, when with the common tempera- 
tures the pressure is diminished to a certain degree, show clearly 
that the expansive force of vapour or steam is different in the 
different temperatures, and that in general it increases in a va- 
riable ratio as the temperature is raised. Previous to describing 
the method which has been adopted to measure the force of 
steam under diff erent temperatures, it will be proper to describe 
briefly the method by which the Chemists account for the pro- 
d action of aeriform fluids. 

53. The term GxZonV is used to denote the cause, whatever 
it may be, of heat, and of the phenomena which accompany 
lieat : it is now almost universally admitted to be a highly elastic 
fluid. Every body is, according to its nature, capable of con- 
taining under a given volume a certain quantity of caloric^ 
either greater or less: this property was first observed by Dr. 
Black, and the English chemists designated it by the term 
Capacity qf a body to contain the matter of heat. Professor 
Wilcke and M. Lavoisier first made use of the term specijic 
caloric,, denoting by it the quantity of caloric respectively ne- 
cessary to elevate to the same number of degrees the tempera- 
ture of several bodies of equal weight. 

Substances volatilised and reduced to gas^ or aeriform fluids, 
are nothing else than ordinary solid or fluid bodies which by 
some circumstance are found superabundantly combined with 
caloric, in such a manner that the constituent particles of these 
bodies are separated the one from the other, by a quantity of 
ambient caloric much more considerable than that which sur- 
rounds the same particles in the natural state of the bodies* 
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The extreme elasticity of the caloric the effect of which is aug- 
mented by its condensation, and the weakening of the reci- 
procal attraction or of the cohesion of the particles of the bodies 
(a weakening or diminution produced by the increased distance 
of those particles) concur to diminish the density of the bodies 
in such a manner that they become reduced to an aeriform state. 

5%, As to the elasticity of gaseous fluids thus formed, it ap- 
pears in great measure to be produced by the elasticity of 
caloric itself, w^hich, when bodies are reduced to the gaseous 
state, occupy a very great part of their volume. This eminent 
elasticity of caloric tends continually to produce expansion ; on 
the other hand, this fluid, by a particular destination of nature, 
is more or less disseminated between the moleculae of all 
bodies, in sucli sort that we may say with M. Lavoisier that 
oven in the solid state these moleculse do not touch, but, as it 
were, swim in the caloric at a certain distance from each other. 
There must, therefore, be a perpetual contest between the ex- 
pansive force of caloric which tends to disseminate the mole- 
cuke, and the cohesive attraction of the inolecolse which tends 
to join tliem together. From the reciprocal intensity of these 
two powers results the solid and liquid states of bodies: thus, 
water only differs from Ice by the greater or less condensation 
of caloric, which permits more or less of the moleculse of the 
liquid to yield to the effect of their attraction or reciprocal co- 
hesion. 

When substances pass from the liquid to the aeriform state, 
there is a third power to combine with the expansive effort of 
caloric, and the aggregate or attractive effort of the mole- 
cula?; namely, the pressure of the atmosphere, or of any elastic 
fluid whatever wdiich compresses the fluid, and opposes itself to 
the separation of its parts. This third power has a certain in- 
fluence also upon the passage from the solid to the fluid state, 
but it is most frequently (in this case) very small, and even 
evanescent, in comparison of the resistance arising from the 
mutual cohesion of themolecula?. The contrary effect has 
place ip the course of the passage from the liquid to the gaseous 
or atirifonn state; the cohesion of the fluid moleculse being 
extremely small, the elasticity of the caloric has scarcely any 
thing to surmount to produce volatilisation besides the pressure 
of the atmosphere, or gas which actually compresses it. 

55. Hence it results that tlie same liquid under different 
pressures ought to volatilise at different temperatures. M? 
Lavoisier proved the truth of this result, by placing ether under 
the receiver of an air-pump, and producing volatilisation solely 
by taking off a part of the pressure of the atmospliere. See 
tome I. 9* And we know by many experiments 


ELxlSTIG FOECE OF STEAM. 


of M. Dehic and otliers/that water boils the more speedily as 
it is less presseciby the weight of the atmosphere. 

Lavoisier notices a curious consequence of what has been 
here said; which is, that if our planet revolved upon its axis 
wi thsiieh a velocity as to lessen the pressure of the atmosphere, 
or if the temperature of the air were raised, then several fluids 
whicli we now see under a liquid state would only exist in the 
aeriform state; for example, if under the temperature of sum- 
mer the pressure of the atmosphere were only equivalent to 20 
or 24 inches^of the barometrical tube, that pressure Avould not 
retain ether in the fluid state, it would be changed into gas; 
and the like would happen, if while the pressure of the air was 
equivalent to 28 or SO inches of the mercury the habitual tem- 
perature were 105 or 110 degrees on Fahrenheit's scale. 

56. The principles which have been here exhibited are suf- 
ficient for the imderstanding of all which relates to the action 
of water or other fluids reduced to vapour. Now it has ap- 
peared from frequent experiments that water heated in common 
air volatilises at 80^ of Reaumur's thermometer, or 212^ of 
Fahrenheit's, the height of the barometer being 28 French, or 
29-9 English inches : and spirits of wine under a like pressure 
volatilises at between 63^ and 64® of Reaumur, or nearly 175 ' 
of Fahrenheit, The expansive force of the vapour must, there- 
fore, in both these cases, according to the principles just ex- 
plaiaetl, be measured by a column of mercury of 28 French, or 
29*9 English inches, in like manner as such a column measures 
the pressure of the atmosphere, or the elasticity of common air. 
And at any more elevated temperatures the elastic force of the 
vapour will surpass the pressure ojPthe atmosphere by a quantity 
whicli has a certain relation with the excess of the temperature 
above those just stated. 

57. Till lately there was wanting on this important subject a 
series of exact and direct experiments by means of which, having 
given the temperature of the heated fluid, the expansive force of 
the steam rising from it might be known, mdmcever^d. There 
was likewise wanting an analytical theorem expressing the re- 
lation between the tempemtiire of the heated fluid and the 
pressure witli which the force, of the: steam was. in equilibrio. 
These desiderata have, however, been lately stipplied with all 
desirable: success and accuracy. 

58. The investigation 'was much simplified by the discovery 
of a siogiiiar property of vapours, namely, if their density 
necessarily defje7ids upon their temperature ; so that to every 
degree of teniperatiire belongs a certain and determinate degree 
of density, which reniaiiis constant, whilst the space through 
wdiich the vapour is diffused is diminished or increased. And 
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this Ijappens, because, whilst the space occupied is dimmislied, 
apart of the vapour is condensed, and is turned into water; 
and whilst the space occupied is dilated, the subjacent water 
disengages a fresh supply of vapour; whence, upon the whole, 
the density suffers no change, 

59* This constant density, however, of vapour only obtains, 
where there is a quantity of water, sufficient to furnish so niucli 
%'apour as will hll the whole capacity of the space, througlr 
which the vapour is diffused, and will maintain it at the 
assigned degree of density. Otherwise, the density will ne- 
cessarily decrease, and will go on decreasing more and more, 
the more the capacity of the recipient is enlarged : and, on the 
contrary, if this capacity be diminished, the density will go on 
increasing, until it reach the assigned degree; at which it will 
remain constant, however the space be afterwards diminished. 

When vapour is employed as a mechanical agent, there is 
always a reservoir of water, capable of evolving new vapour 
sufficient to keep the recipient space full. Wherefore, we may 
safely suppose vapour to have that degree of density, which 
belongs to its temperature, and we may investigate how much 
its clastic force increases, whilst its temperature increases. 

CO. Ejcperiment, This investigation was conducted with 
singular accuracy by Dalton, {Manclmfer Mem, 1805.) His 
apparatus consisted of a simple barometer-tube, of which the 
inner surface was wetted before the introduction of the mer- 
cury. The mercury, well freed from air, having been after- 
wards poured in, after the usual manner, the tube, having 
been inverted, and its mouth immersed in a vessel full of 
mercury, the moisture, introduced into the tube was collected 
in the vacuum at the top, and a thin layer of water stood upon 
the surface of the mercury* The temperature was then gra- 
dually increased, by pouring water, more and more heated, 
into a gun-barrel which surrounded the whole of the upper 
part of the tube. As the temperature increased, the column 
of mercury sunk more and more. The height of this column 
having been subtracted from the height which represents the 
pressure of the atmosphere, that is, from the height of the mer- 
cury in a common barometer, there resulted the measure of the 
elasticity of the vapour. 

61. The column of mercury remaining at the height which 
corresponds to the degree of the temperature, experiments 
were made, of lowering the tube, by plunging its orifice to a * 
greater depth in the subjacent vessel of mercury; and also of 
raising it; and it was found, in both cases, that the height of 
the column of mercury, above the level of that in the vessel, 
always remained the same. This is an evident proof, that the 
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elasticity of the vapour also remains the same, although the 
capacity of the space occupied by the vapour is diminished in 
the first case, and increased in the second : and it confirms 
the position that, at the same temperature, the density of the 
vapour remains constant. 

62. The correspondence between the temperature of the 
vapour and its elastic force is as follows, exhibited in altitudes 
of the mercurial column. 


Temperature. 

Elastfcity 

Elasticity' 

Cent. 

Fabr. 

Metres. 

Inches. 

0”. . . 

32''. . 

. . . 0 005 . . . 

0-1969 

10 . . . 

50 . . 

. . . 0 009 . . . 

0-3543 

20 . . , 

68 . . 

. . . 0017 . . . 

0-6693 

30 . . . 

86 . . 

. . . 0-031 . . . 

M541 

40 , . . 

104 . . 

. . . 0-053 . . . 

2-0203 

50 . . . 

122 . . 

. . . 0.088 . . . 

8-4646 

60 . . . 

140 . . 

. . , 0.145 . . . 

5-7088 

70 . . . 

158 . . 

. . . 0-228 . . . 

. 8-9766 

80 . . . 

176 . . 

. . . 0.352 . . . 

. 13-8586 

90 ... . 

194 . . 

. . . 0-525 - . . 

. 20.6698 

100 .. . , 

212 . . 

. . . 0-760 . . . . 

. 29-99 

110 .. . 

230 . . 

. . . *1-069 


120 .. . 

248 . . 

. . . *1-462 


130 .. . 

266 . . 

. . . *1-941 



It is to be remarked that, with Dalton’s apparatus, the tem- 
perature could not be carried higher than that of boiling water : 
hence the elasticities, corresponding to temperatures greater 
than 100^ cent. Fahr., were not found from observation, 
but from calculations made upon the supposition that they go 
on according to the same law, as that which they follow in 
lower temperatures ; which law we shall proceed to investigate. 

63. The temperatures increasing in arithmetic progression, 
the elasticities increase nearly in geometric progression. And 
it will be found tlnp, in fact, their logarithms increase with very 
nearly equal difterences. 

64. Bettancourt has, also, with great diligence, succeeded 
in investigating the elasticity of vapours. His apparatus con- 
sisted of a large vat or boiler, a determinate portion of which 
lie filled with water ; he then closed it hermetically, and ex- 
hausted the air ; afterwards, applying fire below it, he gra- 
dually raised the temperature of the water, and of the vapour 
which is disengaged from it, and diffused through the vacuum 
of the boiler. A long barometer, in the form of a syphon, 
communicated with the interior of the boiler. In proportion 
as the vapour, more and more heated, acquired force, the level 

von. iL 
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of the mercury fell in the nearer branch of the syphon^ and 
rose in the other branch. The difference of the levels mea- 
sured the elasticity of the vapour, at the same time that a ther- 
mometer, with its bulb plunged in the boiler, and rising out of 
it with a long neck, indicated the corresponding temperature. 

The results of Bettaiicourt’s experiments, although they do 
not exactly coincide with those of the experiments of Dalton, 
are, however, sufficiently conformable to them. And thus the 
law of nature, which establishes a correspondence between the 
temperature and the elasticity of aqueous vapour, is fully as- 
certained, by two series of experiments, conducted according 
to different processes. 

Since the elasticity increases much faster than the tempera- 
ture, we see plainly that, in very high temperatures, the force 
of vapour may become surprisingly great ; and thus the prodi- 
gious effects which are related of it become accoimted for. 

65. Mr, Dalton's first experiments with spirit of wine led 
him to adopt the same conclusion as M. Bettancoiirt, with re- 
spect to the constant ratio between the force of the vapour from 
this spirit and that from water; and inferred the same with 
regard to the vapour from other lluids. But, on pursuing the 
subject, he concluded that this principle was not true, either 
with respect to spirit of wine or any otiier liquid. His experi- 
ments upon six different liquids agree in establishing as a ge- 
neral law, That the mnation of the force of mpour JHm 

aU itqtikh is the same for the same variation of temperature ^ 

rec}conmg\ from vapour of amj given force^' 

If a; denote the degrees of heat measured on Fahrenheit’s 
thermometer from 212% the ordinary boiling point of water, 
and f be the force of compression measured in inches of mer- 
cury, then, to express the elasticity of the steam generated from 
water, we have this logarithmic formula : vk. 

Log./=log. 30+ ^ Iog. (l-g50- 

Hence when is known, we inay findjT, which measures both 
the compression on the surface of the water, and the elastic 
force of the steam. The above theorem will serve to estimate 
the force of steam generated from any other liquid, provided 
it be reckoned from the ordinary boiling point of the respective 
liquid, when the barometer stands at 30 inches. 

66. Tliere remains for us to consider another kind of mover 
of machinery, which is Animal Exeetion, and which is of 
so fluctuating a nature that it is not easy to subject it to any 
estimate. Physical causes must affect both the magnitude and 
duration of the efforts either of man or beast, and besides this, 
the strength of man is considerably influenced by his moral- 
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habits The various combbattom^^^o^ tliese different causes 
have occasioned a variety of estimates of animal labour to be 
advanced by different authors. 

In the first volume of this work (art. 378.) we stated the 
average force of a manat rest to be 70 Ibs.^ and his utmost 
walking velocity when unloaded to be about 6 feet per second; 
and we thence inferred that a man would produce the greatest 
momentum when drawing 31^ lbs. along a horizontal plane 
with a velocity of 2 feet per second. But this is not the most 
advantageous way of applying human strength. 

67. Dr. Desaguliers asserts, that a man can raise of water 
or any other weight about 550 lbs., or one hogshead (weight 
of the vessel included), 10 feet high in a minute ; this statement, 
though he says it will hold good for 6 hours, appears from his 
own facts to be too high; and is certainly such as could not be 
continued one day after another. Mr. Smeaton considers this 
work as the effort of haste or distress ; and reports that 6 good 
English labourers will be required to raise 21141 solid feet of 
sea water to the height of four feet in four hours : in this case 
the men will raise a very little more than 6 cubic feet of fresh 
water each to the height of 10 feet in a minute. Now the 
hogshead containing about 8| cubic feet, Smeatou’s allowance 
of work proves less than that of Desaguliers in the ratio of 6 
to 8| or 3 to 4^. And as his good English labourers who can 
work at this rate are estimated by him to be equal to a double 
set of common men picked up at random, it seems proper to 
state that, with the probabilities of voluntary interruption, and 
other incidents, a man’s work for several successive days ou^ht 
not to be valued at more than half a hogshead raised 10 feet 
high in a minute. Smeaton likewise states that two ordinary 
horses will do the work in three hours and twenty minutes, 
which amounts to little more than two hogsheads and a half 
raised 10 feet high in a minute. So that, if these statements 
be accurate, one horse will do the work of five men. 

Mr. Emerson affirms, that a man of ordinary strength turn- 
ing a roller by the handle can act for a whole day against a 
resistance equal to 30 pounds weight; and if he works 10 
hours a day he will raise a weight of 30 lbs, through 3t} feet in 
a second of time; or, if the weight be greater, he will raise it 
to a proportionally less height If two men work at a windlass 
or roller, they can more easily draw up 70 lbs. than one man 
can 30 lbs. ; provided the elbow of one of the handles be at 
right angles to that of the other. Men used to bear loads, 
such as porters, will carry from 150 lbs. to 200 or 250 lbs. ac- 
cording to their strength. A man cannot well draw more than 
70 Ibsfc or 80 lbs. horizontally : and he cannot thrust with a 
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greater force acting Borbontally at the height of bis shouMers 
than 27 or SO lbs. But one of the most advantageous ways 
in which a man can exert bis force is to sit and pull towards 
him nearly horizontally, as in the action of rowing. 

M. Coulomb commumeated to the French National Institute 
the results of various experiments on the quantity of action 
which men can afford by their daily work, according to the 
different manners in which they employ their strength. In 
the first place he examined the quantity of action which men 
can produce when, during a day, they mount a set of steps or 
stairs, either with or without a burthen. He found that the 
quantity of action of a man who mounts without a burthen, 
having only his own body to raise, is double that of a man 
loaded with a weight of 68 kilogrammes, or 150 lbs. avoir- 
dupois both continuing at work for a day. Hence it appears 
how much, with equal fetigue and time, the total or absolute 
effort may obtain different values by varying the combinations 
of effort and velocity. 

But the word effect here denotes the total quantity of labour 
employed to raise, not only the burthen, but the man himself ; 
and, as Coulomb observes, what is of the greatest importance 
to consider is the tisfful effect^ that is to say, the total effect, 
deducting the value which represents th e transference of the 
^weight of the man’s body. This total effect is the greatest 
possible when the man ascends without a burthen; but the 
%is^d then nothing: it is also nothing if the man be 

so much loaded as to be scarcely capable of moving: and con- 
sequently there exists between these two limits a value of the 
load such that the useful effect is a maximum. M. Coulomb 
supposes that the loss of quantity of action is proportional to 
the load (an hypothesis which experience confirms), whence he 
obtains an equation whicb^ treated according to the rules of 
maxima and minima, gives 5S kilogrammes (117 lbs. avoird.) 
for the weight with which the man ought to be loaded, in order 
to produce during one day, by ascending stairs, the greatest 
useful effect : the quantity of action which results from this 
determination has for its value 56 kilogrammes (123i lbs. 
avoird.) raised through one kilometer, or nearly 1094^ yards. 
But this method of working is attended with a loss of three- 
fourths of the total action of men, and consequently costs four 
times as much as work in which, after having mounted a set of 
steps without any burthen, the man should suffer himself to 
fall by any means, so as to raise a weight nearly equal to that 
of his own body. 

* The kilogramme 1 5443*5 grs. ^ 2*20526 lbs. avoirdupois. 
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From an examination of the of men walking on a hori- 
zontal path, with without a load, M. Coulomb concludes 
that the greatest quantity of action takes place when the men 
walk being loaded : and is to that of men walking under a 
load of 58 kilogrammes (l£81bs/avoird,) nearly as 7 to 4. The 
weight which a man ought to carry in order to pi’oduce the 
greatest that efect in which the quantity^ 

of action relative to the carrying his own weight is deducted 
from the total effect^ is 50*4 kilogrammes, or 111* 1 8 lbs. avoir- 
dupois. 

There is a particular case which always obtains with respect 
to burthens carried in towns, viz. that in which the men, after 
having carried their load, return unloaded for a new burthen. 
The weight they should carry in this case, to produce the 
greatest effect, is 61*25 kilogrammes (135-g. lbs. avoird.). The 
quantity of useful action in this case compared with that of a 
man who walks freely and without a load is nearly as 1 to 5, 
or, in other words, he employs to pure loss ^ of his power. 
By causing a man to mount a set of steps freely and without 
burthen, his quantity of action is at least double of what he 
affords in any other method of employing his strength. 

When men labour in cultivating the ground, the whole 
quantity afforded by one during a day amounts to 100 kilo- 
grammes elevated to one kilometer, that is, 220*6 lbs. raised 
1094 yards. M. Coulomb comparing this work with that of 
men employed to carry burthens up an ascent of steps, or at 
the pile-engine, finds a loss of about part only of the quan- 
tity of action which may be neglected in researches of this kind. 

In estimating mean results we should not determine from' 
experiments of short duration, nor should we make any de- 
ductions from the exertions of men of more than ordinary 
strength. The mean results have likewise a relation to climate. 

I have caused,” says M. Coulomb, “ extensive works to be 
executed by the troops at Martinico, where the thermometer 
(of Reaumur) is seldom lower than 20^ (77^ of Fahrenheit). 

I have executed works of the same kind by the troops in 
France: and I can affirm that under the fourteenth degree of 
latitude, where men are almost always covered with perspira- 
tion, they are not capable of performing half the work t^^ 
could perform in our climate Bulletin de la Soc, Philomath. 
No. 16. ■ 

* In the preceding account of the effects of human exertion, since the professed 
object was to state the mean results of regular and uniform labour, we have taken 
no notice either of feats of extraordinary strength, or of such as were in appearance 
such, while in reality they were the efiect of contrivance and skill, and might have 
tell perforriJed by almost any men who had sufficient knowledge of the subject to 
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68. A poi'tor in London is accustomed to carry a burden of 
200 lbs. at the rate of three miles an lioiir; and a couple of 

exert their strength tinder similar cireumstances. But as it may be expected that 
some notice should be taken of such matters, we shall throw into this note a few 
remarks which have formerly been made in reterence to them. 

M. de la Hire, in an Examination of the Force of Men^ given in the Memoirs 
of the Academy of Sciences for 1699, says, There are men whose spirits flow so 
abundantly and so swiftly into their muscles, that they exert three or four times more 
strength than others do ; and this seems to me to be the natural reason of the sur- 
prising strength that we see in some men who carry and raise weights which two or 
three ordinary men can hardly sustain, though these men be sometimes but of a mode- 
rate stature, and rather appear weak than strong. There was a man in this country a 
little while ago, who would carry a very large anvil, and of whom were reported 
several wonderful feats of strength. But I saw another at Venice, who was but a 
lad, and did not seem able to carry above 40 or 50 lbs. with all possible advantages ; 
yet this young fellow, standing upon a table, raised from the earth, and sustained off 
the ground, an ass, by means of a broad girt, which, going under the creature’s belly, 
was hung upon two hooks that were fastened to a plat of small cords coming down in 
tresses from the hair on each side of the lad’s head, which were in no great quantity. 
And all this great force depended only upon the muscles of the shottldei's and those 
of the Mns : for he stooped at first whilst the hooks were fastened to the girt, and 
then raised himself, and lifted up the ass from the ground, bearing with his hands 
upon his knees. He raised also in the same manner other weights that seemed heavier, 
and used to say he did with more ease, because the ass kicked and struggled when first 
lifted from the ground.” 

Dr. Desaguliers, in some annotations upon De la Hire’s paper, says, “ What he 
attributes here to the muscles of the loins \\^z.s Te.^\y performed by the extensors of 
the legs; for the joung man’s stooping with his hands upon his knees was not with 
his body forwards and bis knees stiff, but his body upright and his knees bent, so as to 
bring the two cords with which he lifted to be in the same plane with his ancles and 
the heads of his thigh bones; by which means the line of direction of the man and 
the whole weight came between the strongest part of his two feet, which are the sup- 
ports : then as he extended his legs he raised himself, without changing the line of 
direction. That this must have been the manner I am pretty well assured of, by not 
only observing those that perform such feats, but having often tried it myself. As 
for the muscles of the loins, they are incapable of that strain, being above six times 
weaker than the extensors of the. legs; at least I found them so in myself. 

About the year 1 7 Ifl, having the honour of showing a great many experiments to 
his late majesty king George the first, his majesty was desirous to know whether there 
was any fallacy in those feats of strength that had been shown half a year before, by 
a man, who seemed by his make to be no stronger than other men : upon this I had 
a frame of wood made to stand in (and to rest my hands upon), and witli a girdle and 
chain lifted an iron cylinder made use of to roll the garden, sustaining k easily when 
once it was up. Some noblemen and gentlemen who were present tried the experiment 
afterwards, and lifted the roller ; some with more ease, and some with more difficulty, 
than I had done. This roller weighed 1900 lbs, as the gardener told us. Afterwards 
I tried to lift 300 lbs. with my hands, (viz. two pails with 1 50 lbs. of quicksilver in 
each), which I did indeed raise from the ground, but strained my back so as to feel it 
three or four days: which shows that, in the same person, the muscles of the loins 
(which exerted their force in this last experiment) are more than six times weaker than 
the extensors of the legs ; for I felt no inconveniency from raising the iron roller.” 

During the time occupied in printing the second volume of Dr. Desaguliers’ Phi- 
losoph3% a mail of great natural strength exhibited himself in London s of this man 
the doctor gives an aceount, from which the following is extracted : 

Thomas Tophanit born in London, and now about 3 1 years of age, five feet ten 
inches high, with muscles very hard and prominent, was brought up a carpenter, which 
trade he practised till within these six or seven years that he has showed feats of 
strength ; but he is entirely ignorant of any ^rt to make his strength more surprising. 
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chairmen continue at the pace of four miles an hour, under a 
load of 300 lbs. But these exertions, Professor Leslie remarks, 

Nay, soraetimes he does things which become more difficult by his disadvantageous 
situation ; attempting, and often doing, what he hears other strong men have done, 
without making use of the same advantages. 

About six years ago he pulled against a horse, sitting upon the ground with his 
feet against two stumps driven into the ground, hut without the advantages which might 
have been attained by placing himself in a proper situation j the horse, however, was 
not able to move him, and he thought he was in the right posture for drawing against 
a horse ; but when* in the same posture, he attempted to draw against two horses, he 
was pulled out of his place by being lifted up, and had one of his knees struck against 
the stumps, which shattered it so, that, even to this day, the or knee pan, is 

so loose, that the ligaments of it seem either to be broken or quite relaxed, which has 
taken away most of the strength of that leg.’* 

The exploits which Dr, Desaguliers saw him perform were these; 

^*1. By the strength of his fingers (only rubbed in coal ashes tq keep them from 
slipping) he rolled up a very strong and large pewter dish. 

2. He broke seven or eight short and strong pieces of tobacco-pipe with the force 
of his middle finger, having laid them on the first and third finger. 

« 3, Having thrust in under his garter the bowl of a strong tobacco-pipe, bis legs 
being bent, he broke it to pieces by the tendons of his hams, without altering the 
bending of his leg. 

4. He broke such another howl between his first and second finger, by pressing 
his fingers together sideways. 

5. He lifted a table six feet long, which had half a hundred weight hanging at 
the end of it, with bis teeth, and held it in an horizontal position for a considerable 
time. It is true the feet of the table rested against his knees; but, as the length of 
the table was much greater than its height, that performance required a great strength 
to be exerted by the muscles of his loins, those of his neck, the masscUr and temjjoral 
(muscles of the jaws), besides a good set of teeth. 

“ 6. He took an iron kitchen poker, about a yard long, and three inches in circum- 
ference, and, holding it in his right hand, he struck upon his bare left arm, between the 
elbow and the wrist, till he bent the poker nearly to a right angle. 

7. He took such another poker, and holding the ends of it in his hands, and the 
middle against the back of his neck, he brought both ends of it together before him ; 
and, what was yet more difficult, he pulled it almost straight again : because the 
muscles which separate the arms horizontally from each other are not so strong as 
those that bring them together. 

“ 8. He broke a rope of about two inches in circumference, which was in part 
wound about a cylinder of four inches diameter, having fastened the other end of it to 
straps that went over his shoulders. But he exerted more force to do this than aay 
other of his feats, from his awkwardness in going about it; for the rope yielded and 
stretched as he stood upon the cylinder, so that when the extensors of the legs and 
thighs had done their office in bringing his legs and thighs straight, he was forced to 
raise his heels from their bearings, and use other muscles that are weaker. But if 
the rope had been so fixed that the part to be broken had been short, it would have 
been broken with four times less difficulty. ^ ^ - 

9. I have seen him lift a rolling stone of about 800 lbs. with Ins hands only, 
standing in a frame above it, and taking hold of a chain that was fastened to it. By 
this, I I'eckon he may be almost as strong again as those who are generally reek(med 
the strongest men, they generally lifting no more than 400 lbs. in that manner. I he 
weakest men who are in health, and not too fat, lift about 125 lbs. having about half 
the strength of the strongest, r t, i • 

“ N. B. This sort of comparison is chiefly in relation to the muscles of the loins; 
because in doing this one must stoop forwards a little. We must also add the 
of the body to the weight lifted. So that if the weakest man’s body weigh UO lbs. 
that added to 125 lbs. makes the whole weight lifted by him to be 275 lbs, « 

the stronger man’s body weighs also 130 lbs. the whole weight lifted by mm will be 
550 lbs. that is 400 lbs. and the . 1 50 lbs. which his l^ody weighs, weighs: 
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are greatly inferior 4o the labour performed by porters m 
Turkey, the Levant, and generally on the shores of the Me- 
diterranean. At Constantinople, an Albanian porter will carry 
SOO or 800 lbs. on his back, stooping forward, and assisting bis 
steps by a short staflp. At Marseilles it is affirmed that four 
porters carry the immense load of nearly two tons, by means 
of soft hods passing over their heads, and resting on their 
shoulders, with the ends of poles, from which the goods are 
suspended. 

69* With regard to the magnitude of the comparative efforts 
of man in different employments, the late Mr, Robertson Bu- 

about 200 lbs. which, added to the 800 ibs. that he lifts, makes lOOOlbs. But he 
ought to lift ?00 lbs. besides the weight of his body, to be as strong again as a man of 
1 50 lbs. weight who can lift 400 Ifas-’* 

Again: “ About thirty years ago one t/oycc, a Kentish man, famous for his great 
strength, showed several feats in London and the country, which so much surprised 
the spectators, that he was by most people called the second Sampson. But though 
the postures which he had learnt to put his body into, and found out by practice, 
without any mechanical theory, were such as would make a man of common strength 
do such feats as would appear surprising to every one who did not know the advan- 
tage of those positions of the body ; yet nobody then attempted to draw against horses, 
or raise great weights, or to do any other tiling in imitation of him ; because, as he 
was very strong in the arms, and grasped those that tried his strength that way so 
hard that they were obliged immediately to desire him to desist, his otlier feats 
(wherein his manner of acting was chiefly owing to the mechanical advantage gained 
by the position of his body) were entirely attributed to his extraordinary strength. 

^ But when he had been gone out of England, or had ceased to show his performances 
for eight or ten years, men of ordinary strength found out the way of making such 
advantage of tie same postures as had put himself into as to pass for men of 
more than common strength, by drawing against horses, breaking ropes, lifting vast 
weights, &c. (though they could in none of the postures really perform so much as 
Joyce, yet they did enough to amaze and amuse, and get a great deal of money), so 
that every two or three years we had a neto second Sampson. 

‘‘About fifteen years ago a German of middle size, and but ordinary strength, 
showed himself at the Mne Postsy’m ihQ Haymarket, and by the contrivances above- 
mentioned passed for a man of uncommon strength, and got considerable sums of 
money by the daily eoncouTse of spectators. After having seen him once, I guessed 
at his manner of imposing upon the multitude ; and being resolved to be fully satisfied 
in the manner, I took four very curious persons with me to see him again, viz- the 
lord marquis of Tullibardin, Dr. Alexander Stuart, Dr. Pringle, and a mechanical 
workman who used to assist me in my courses of experiments. We placed ourselves 
in such manner round the operator, as to be able to observe nicely all that he did ; 
and found it so practicable, that we performed several of his feats that evening by 
ourselves, and afterwards I did the mostof the rest, as I had a fiame to sit in to draw, 
and another to stand in and lift great weights, together with a proper girdle and hooks. 

I likewise showed some of the experiments before the Boyal Society; and ever since 
at my experimental lectures I explain the reason of such performances, and take any 
person of ordinary strength that has a mind to try, who can easily do all that the 
German above-mentioned used to do, without any danger of extraordinary straining, 
by making use of my apparatus for that purpose.” 

Lhe Doctor then proceeds to explain the principles on which these achievements 
depended, and illustrates Ms positions by various diagrams. Pie likewise describes 
some contrivances to determine the strength which men exert in different ways; for 
an account of the chief of whicM the reader may turn to the article Steelyabu, to 
usccrtain the Strength of in a subsequent part of this volume. 
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chanaii ascertained, that in working a pump, in turning a 
winch, in ringing a bell, and rowing a boat, the dynamic re- 
sults are as the numbers 100, 167, ^27, and £48. 

According to the interesting experiments described in M. 
Hachette^S the dynamic unit being the 

of a metre ^ water raised to the height of one 
metre is, ££08 lbs. avoird. or 4 hogsheads raised to the 
height of 3*£81 feet, or 1*31£4 hogsheads to the height of 10 
feet], we have the following measures, at a medium, of the 
daily actions of men. 

Dynamic units. 

1. A man marching 7| hours on a slope of 7 
degrees, with a load oi from 15 to 18 lbs. . ££5 

£, Marching in a mountainous country with- 
out load . . . . . 140 

3. Carrier of wood up a ladder, his weight 

1£3, his load 117 lbs. . ^ . 109 

4. Carrier of peat up steps, his own weight 

comprised . . . . * 11£ to 1£0 

5. Man working at the cord of a pulley to 

raise the ram of a pile engine: three examples . 75 40 48 

6. A man drawing water from a well by means 

of a cord . . . . , 71 

7. Man working at a capstan • . 116 

8. Man working at a capstan to raise water, 

mean of £4 . . . . 110 

The unit of transport, being the weight of a cubic metre of 
water, carried a metre (££08 lbs. 3* £81 feet) upon a horizontal 
road, we have for the daily action 

Dynamic units. 

1. A man travelling without load on a flat 
road, his weight 154 lbs. his journey 31|^ miles 3500 
£. A soldier, carrying from 44 to 55 lbs. tra- 
velling 1£| miles . . . . 1800 to 1900 

3. I)o. a forced march of £5 miles . . £800 

4. A French coal-porter, weight of the man 

not included . . . • 79£ to 880 

5. Porter with wheel-barrows, weight of the 

man not included . . . . 1015 

6. Porter with a sledge • , . 627 

7. A man drawing a boat on a canal; 

110310 lbs. conveyed 6j miles . . 550000 

70. Among quadrupeds the most useful as a first mover of 
machinery is the horse. The strength of this animal is pro- 
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bably about six times that of a mao. Hesaguliers states the 
proportion as 5 to 1 ; comciding with the deductions of Smea- 
ton before mentioned. The Erench authors commonly reckon 
7 men for 1 horse. As a mean between these, we took, in art. 
578. voL I. the proportion of 6 to 1, and stated the strength 
of a horse as equivalent to 420 lbs. at a dead pull. But the 
proportion is by no means constant, for it varies greatly ac- 
cording to the different kinds of work. Thus the worst way 
of applying the strength of a horse is to make him carry a 
weight up a steep hill ; while the organization of a man fits 
him very well for this kind of labour : hence, three men climb- 
ing up such a hill with a weight of 100 lbs. each, will proceed 
faster than a horse with a load of SOO lbs. This, we believe, 
was first observed by M. de la Hire. 

M. Schulze, in a paper inserted in the Memoirs of the Berlin 
Academy for 1785^, has described a series of experiments in- 
stituted for the purpose of determining whether in estimating 

animal power, the formula f zzf — [art. 577. 

vol.L] or — should be used ; and proves clearly 

that the former deserves the preference. He assigns the mean 
value of human strength as equivalent to 29 or 50 pounds, 
with a velocity of 2|- feet per second. But he estimates the 
entire effect of a horse exerting himself horizontally, as fourteen 
times that of a man. This, we apprehend, is far too high. 

We are not acquainted with any series of experiments which 
have been made with a view of determining the weights horses 
can carry when moving up sloping roads, making given angles 
with the horizon: but, fortunately, this deficiency is not of 
much consequence, because the of weights is far from 

the best manner of employing the strength of a horse. It is 
known, however, that, in general, a horse loaded with a man 
and his equipage, weighing altogether about 2 cwt, may, without 
being forced, travel, in 7 or 8 hours, the distance of 45000 
yards, or nearly 25 miles, upon a good road. When a horse 
travels day after day without cessation, either the weight he 
carries or the distance passed over must undergo some diminu- 
tion, as well as the time actually employed in travelling. 

71. In the Memoirs of the French Academy for 1705 are 
inserted the comparative observations of M. Amontons, on the 
velocity of men and of horses ; in which he states the velocity 
of a horse loaded with a man and walking to be rather more 
than 5~ feet per second, or miles per hour, and when going 

* Published in the Phil Mag. vol xxxix. No* 168 . 
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a moderate trot with the same weight to be about 84 . feet per 
seeGiid, or about 6 miles per hour. These velocities, however, 
are somewhat less than what might have been taken for the mean 
velocities. 

7^5?. But the best way of applying the strength of horses is to 
make them draw weights in carriages, &c. To this kind of 
labour, therefore, the inquiries of experimentalists should be 
directed. A horse put into harness and making an effort to 
draw bends himself forward, inclines his legs, and brings his 
breast nearer to the earth ; and this so much the more as the 
effort is the more considerable. So that when a horse is em- 
ployed in drawing, his effort will depend, in some measure, 
both upon his own weight and that which he carries on his 
back. 

Indeed it is highly useful to load the* back of a drawing horse 
to a cei'tain extent ; though this, on a slight consideration, might 
be thought to augment unnecessarily the fatigue of the animal ; 
hut it must be considered that the mass with which the horse 
is charged vertically is added in part to the effort which he 
makes in the direction of traction, and thus dispenses with the 
necessity of his inclining so much forward as he must otherwise 
do ; and may, therefore, under this point of view, relieve the 
draught more than to compensate for the additional fatigue oc- 
casioned by the vertical pressure. Carmen, and waggoners in 
general, are well aware of this, and are commonly very careful 
to dispose of the load in such a manner that the shafts shall 
throw a due proportion of the weight on the back of the shaft 
horse. 

73. The best disposition of the traces during the time a horse 
is drawing is to be perpendicular to the position of the collar 
upon his breast and shoulders: when the horse stands at ease, 
this position of the traces is rather inclined upwards from the 
direction of the road; but when he leans forward to draw the 
load, the traces should then become nearly parallel to the plane 
over which the carriage is to be drawn; or, if he be employed 
in drawing a sledge, or any thing without wheels, the inclina- 
tion of the the traces to the road, supposing it to be horizontal, 
should (from what we observed when treating of friction) he 
about 18 ^^. 

74 . From the preceding observations it will be easy in most 
cases to adapt the size of the wheels to that of the animal which 
is to draw in the shafts, so that when he leans forward to his 
work the traces may be nearly parallel to the road, whether 
that road be horizontal or not : always recollecting that, if there 
be any variation from the parallel position, it must be rather in- 
clining upwards than downwards; as the former will somewhat 
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diminish the friction, while the latter, instead of raising the 
wheels from any hollow into which they may fall, will tend to 
draw them down lower, and much increase the labour of the 
animal. 

75. When several horses are harnessed one before anotlier, so 
that they may all draw at the same load, and the slope on which 
they are drawing changes, as from da to ab (fig. 6. pL I.), the 
effort of the horse which draws along the road ab is decomposed 
into two parts, of which one tends to pull up the load, the other 
to pull dozen the horse which is in the shafts and is drawing 
along the slope da. This latter composant is always greater as 
the traces of the foremost horse are the longer ; and it may be 
worth while to find its values, and its augmentation with regard 
to an increase in the length of the traces. To this end let ea^ 
be the height above ad of the breast of the horse which draws 
in the shafts near the point a, and let er and er^ be two 
different lengths of the traces; the breast of the horse when 
harnessed to either of these traces being at the same distance 
from the plane ab^, that is, BRnsWuiEA^ Take ef— ef^ to 
represent the effort of the horse in the direction of the trace ; 
draw Kg'' parallel to da, Eg perpendicular to ba produced. Eg 
parallel to AB, and Fg, perpendicular to Eg. The effort 
which tends to pull the horse down whose breast is at E is 
represented by Fg, when the breast of the other horse is at r, 
and by Fg' when it is at r^ ; and gE, g'E are the corresponding 
efforts tending to raise the load along the slope da. Make 
ea^ zi rb n a, ER = A, er^ zz A^, angle a'eo z= qEgzz sup- 

plem. DABzr,??, and efzzef^iz^. Then, when the trace er is 
used, the effort which tends to pull down the shaft horse when 
he just reaches the summit of the slope will be zz^«sln gEFzrf 
sin (gEg— FEg), and the effort tending to raise the load will be 
zztpcos (qEg— EEg). In like manner, when the foremost horse 
draws by the trace er', the effort tending to pull down the 
shaft horse will be represented by f sin (gE^'— F^Fg*'), and that 
which tends to draw up the carriage by <p cos (gEg^ — F^Eg*'). 

Now W'e have sin f'e^* z: and sin FEg' :z: ^ But 

Kg' z= BR — Ea = a — a cos s rr a (1 — cos ^). Recollecting, 
therefore, that the angles FEg-, F^Eg, are always so small that 
the arcs differ very little from the sines, we have FEg zz 

<l(I— COS^) n , , o Cl — Ci)S5) . It. , . 

, and F Eg^ zz — — : these values being substi- 
tuted in the preceding expressions, give 

( 1 ) 
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(3) . . . E 7 = fi cos (s — ^ilirfffi?). 

(4) . . . E?' = ?> cos (s — 

Suppose, for example, that AB^ is horizontal, and that the 
ascent D A is such that for every 6 feet, as cn in a horizontal 
plane, the vertical rise NA shall be one foot: this slope is too 
steep for any common road, but may be sometimes met with 
in ascents from stone quarries, &c. In this case the an^le s 
will be nearly 9“ 28', which, expressed in decimal parts ofthe 
radius, gives s=0-16522, and cos a-:0.98638. Let the effort 
(p =200 lbs., «=3i feet, A=8 feet, and a'= 13 feet. 'I'hen shall 
■ire have, 

(1) . . . f 7=200 sin (0-16522 - 

=200 sin 9^ 7' 29''=31.716 lbs. 

(2) ... f ' 7'=200 sin (0-16522 - 

=200 sin 9° 14' 29"=32-5 lbs. 

(3) ...Eq =200 cos 9" T 29"=177-27 lbs. 

(4) ... E7'=200 cos 9° 14' 29"=197-404 lbs. 

Hence it appears, that the horse whose breast is at e is pulled 
downwards by the other horse, with a force equivalent to about 
32 lbs. : this weight is small for a horse that is not fatigued ; but 
we should consider, that when drawing up a steep I'oad the 
animal’s strength is much weakened, so that it may be obliged 
to yieid to a very small effort. A lengthening of four feet 
to a trace of eight feet will produce an augmentation of 
32‘25 — 31-7l6r:0*534 lbs. in the effort which tends to pull 
the shaft horse down, and a diminution of 197*47 -197*404 = 
0*066 lbs. in the effort which raises the load up the hill. These 
quantities are not considerable; but it appeared desirable to 
explain the method of ascertaining their magnitude. And it 
may be added, that when a liorse pulls for only a short time, 
as a few minutes, he will often exert a force equivalent to 500 
or 600 lbs. : in which case, the tendency to pull down a shaft 
horse rising a hill would be thrice as much as we have stated 
it above : a force against which no horse could stand in such a 
disadvantageous position. 

76. When a horse is made to move in a circular path, as is 
often practised in mills and other machines moved by horses, it 
will be necessary to give the circle which the animal has to 
walk round the greatest diameter that will comport with the 
local and other conditions to which the motion must be sub- 
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Jected. It is obviotis, indeed, that, since a rectilineaiv motion 
IS the most easy for the horse, the less the line in which be 
moves is curved, with the greater facility he will walk over it, 
and the less he need recline from a vertical position : and be- 
sides this, with equal velocity the centrifugal force will be less 
in the greatest circle, which will proportionally diminish the 
friction of the cylindrical part of the trunnions, and the labour 
of moving the machine. And, further, the greater the diame- 
ter of the horse- walk, the nearer the chord of the circle in 
which the horse draws is to coincidence with the tangent, which 
is the most advantageous position of the line of traction. On 
these accounts it is that, although a horse may draw in a cir- 
cular walk of 18 feet diameter, yet in general it is advisable 
that the diameter of such a walk should not be less than S5 or 
30 feet; and in many instances 40 feet would be preferable to 
either. 

77. It has been stated by Desaguliers and some others, that 
a horse employed daily in drawing nearly horizontally can 
move, during eight hours in the day, about ^00 lbs. at the rate 
of 2| miles per hour, or 3|. feet per second. If the weight be 
augmented to about 240 or 250 lbs., the horse cannot work 
more than six hours a day, and that with a less velocity. And, 
in both cases, if he carry some weight, he will draw better than 
if he carried none (art. 72). M. Sauveur estimates the mean 
effort of a horse at 175 French, or 189 avoird. pounds, with a 
velocity of rather more than three feet per second : and this 
agrees very nearly with our deduction in art. 378. vol. I, But 
all these are probably too high to be continued for eight hours, 
day after day ; for in our investigation just referred to we as- 
sumed 10 feet per second, as the utmost walking velocity of a 
horse ; a velocity which we conceive no horse would be able to 
continue long, in another place Desaguliers states the mean 
work of a horse as equivalent to the raising a hogshead full of 
water (or 550 lbs.) 50 feet high in a minute. But Mr, Smea- 
ton, to whose authority much is due, asserts, from a number 
of experiments, that the greatest effect is the raising 550 lbs. 
forty leet high in a minute. And, from some experiments 
made by the Society for the Encouragement of Arts, under the 
direction of Mr. Samuel Moore, it was concluded, that a horse 
moving at the rate of three miles an hour can exert a force of 
80 lbs. Unluckily, we are not sufficiently acquainted with the 
nature of the experiments and observations from which these 
deductions were made, to institute an accurate comparison of 
their results. Neither of them ought to express what a horse 
can draw upon a carriage; because in that case friction only is 
to be overcome (after the load is once put into motion); so that a 
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middlmg horse, w to a cart, will often draw mneh 

more than 1000 lbs. The proper estimate would be that which 
measups the weight that a horse would draw up out of a well; 
the animal acting^ by a horizontal line of traction turned into 
the vertical direction by a simple pulley, or roller, whose fric- 
tion should be reduced as much as possible. It would, indeed, 
be far the best, in all tbe instances of experiments, to use no 
such combinations of machinery as would make the velocity of 
the load or weight different from that of the animal : we could 
then readily compare the different results by means of the ex- 

■ ■■ ■ ■ ' 9 ^ 

pression m a (W“" v)% or m a (w— v)^ (art. S78. vol. L), 
where y represents the velocity in feet per second with which 
the animal movp the mass M, and w his greatest walking 
velocity, or that in which he can move no w^eight but his own. 
Thus might we obtain a mean estimate of the animars strength 
at anv one velocity, and could thence infer his maximum of 
useful effort ; namely, that when v is nearly |.w. As to the 
absolute power of the animal, it might be inferred in any case 
of raising a weight with his own velocity, by means of the 
formula (pzz (M+H)v 4-Mg^, where m and v are as before, h the 
weight of the horse, ^ its powder, feet the measure of 

the force of gravity, and t the time in seconds during which the 
animal continues his uniform exertion. 

78. It follows, from what has been said, and from the con- 
sideration of the strengths of horses variously employed, such 
as waggon horses, dray horses, plough horses, heavy horses, 
light coach horses, &c. that what is called ^Htor^e is of 

so fluctuating and indefinite a nature, that it is perfectly ridi- 
culous to assume it as a common measure, by which the force 
of steam-engines and other machines should be appreciated. 
In most of the deductions which have been hitherto made, we 
apprehend there may be something of temporary effort : and 
we think, on the whole, that about 70 lbs. at three miles an 
hour, or 4|. feet per second, may be a fair estimate for the re- 
gular work of stout London cart horses ; though vre would 
infer, with Mr. Nicholson, that the animal can double his 
strength for a short time, such as ten minutes, without receiving 
any injury from the exertion.” 
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Air-pump is a maclime by means of winch the air may be ex- 
hausted out of proper vessels, so as to make what is popularly 
called a vacuum^ but which is, in fact, only a very high degree 
of rarefaction. 

The invention of this noble instrument, to which the present 
age is indebted for so many admirable discoveries, is ascribed 
to Otto de Guericke^ a consul of Magdeburg, who exhibited 
his first public experiments with his pump before the emperor 
and the states of Germany at the breaking up of the impei'ial 
diet at Ratisbon, in the year 1654. Guericke, i ndifierent about 
the solitary possession of an invention which afforded such en- 
tertainment to the numerous persons who, from time to time, 
witnessed his experiments, gave a minute description of all his 
pneumatic apparatus to Gasper Schott us, professor of mathe- 
matics at Wirtemberg, who published it, with the consent of 
the inventor, with an account of some of its performances, first 
in 1657, in his Mechanica Hydt'CiuUco-pneumatim ; and then, 
in 1664, in his Technica Curiosa. Guericke’s own acGount was 
not published till 167^. 

About the time of Guericke^ invention the foundations of 
the Royal Society of London were laid. Boyle, Wren, Brounker, 
Wallis, and other learned men, held frequent meetings at Ox- 
ford, in which accounts were received and related of all im- 
portant advances in the study of nature ; and many experiments 
were exhibited. The researches of Galileo, Torricelli, and 
Pascal, concerning the pressure of the air, had greatly engaged 
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their attention, and thus prepared them for the invention of 
Guericke. Mr. Bojde, in particular, as soon as he heard what 
had been accomplished by the philosopher of Magdeburg, and 
before any descriptioii of his machine had been published, set 
about the construction of one to answer the same purposes ; 
and succeeded in the attempt : though he frankly acknowledges 
that it was but seldom, and with great difficulty, that he could 
produce an extreme degree of rarefaction ; such as it appeared, 
from the account of Schottus, was obtained by means of 
Giiericke’^s machme. 

Boyle’s instrument was somewhat improved by Hawksbee, 
and further by Martin ; with some slight modifications to par- 
ticular views, it still retains the most approved form. The air- 
pump we described in art. 5^1. vol. I. is only so far varied from 
Hawksbee s improvement of Boyle’s original contrivance, as to 
render it more portable. The machine, in its primitive state, 
is described in the article Pneumaiicsj English Encychpcedia ; 
where, also, the successive improvements of Smeaton, Cuth- 
bertson, &c. are described at large. See also the Panto- 

LOGIA. 

Many other ingenious attempts have been made, during the 
last ten or twelve years, to improve the mechanism of the air- 
pump ; to desci'ibe a fourth part of which would extend this 
article to more than its due length. Justice, however, to the 
authors of these improvements, as ' well as a desire to gratify 
the reader, induces us to refer to Nicholson’s Journal, vols. 1 . 
and II. 4to. for descriptions of the air-pumps invented by Messrs. 
Prince, Sadler, Little, Sir G. Mackenzie, &c. and to Mr. Vince’s 
Hydrostatics for an account of the pump used by that gentle^ 
man in his lectures. 

Notwithstanding the many improvements which have suc- 
cessively followed each other in the construction of the air- 
pump, it was still, however, desirable that it should be further 
simplified in its mechanism, while it possessed the same ad- 
vantages as attended those of more complicated structure* 
Cuthbertson, Haas, and some others, have so contrived their 
instruments, that their mechanical power, and not the pressure 
of air, should open the valves : but, although the air-pumps in- 
vented by these gentlemen are exceedingly ingenious, they are 
in some respects so complex, that it must be very difficult for 
many persons who possess these instruments to clean them, or 
to keep them in proper order for experiments. 

Mr. N. Mendelsohn, a mathematical instrument-maker, of 
Surrey-street, Black-friars, having reflected upon the dif- 
ficulties just alluded to, was led to the construction of a more 
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simple air-pump, which is capable of being put together in less 
than half an hour, whenever it is cleaned, and requires that 
operation very seldom. He has rejected the tube which, in eom^ 
mon air-pumps, leads from the valves to the receiver, together 
with the cock that serves to shut this pipe : the receiver is placed 
immediately upon the valves, these being put on the top of 
the cylinders, which consequently required the rackwork and 
pinion being underneath, and inverted the whole instrument. 
See the drawing, pi. IV. where ab and CD represent the two 
cylinders of glass ground and polished inside. E and e are the 
two valves that allow the cylinders to communicate wnth the re- 
ceiver o through two very short canals ab and cn (fig, pi. IV .) 
and the cock o. Two other valves that open into the at- 
mosphere are within the covers i and /c, as may be seen in 
1, where e represents one of them, mn is the receiver-plate of 
glass ground flat ; i»a a barometer-gauge, upon the plan of the 
first Torricellian tube, as the easiest to construct and the most 
infallible in its effects. It will be found to be here quite out of 
the way, secure from being broken by accident, and the most in 
sight. MK and il are two brass pillars that support the whole. 
Rsvw the usual rackwork, having a double winch Zw, which, 
upon trial, will be found preferable to a single one. 

It wiU now be necessary to show how this pump acts, in 
which it will be sufficient to explain the action of one cylinder, 
because the other is in all parts like it. e is a conical metallic 
valve, from which a canal goes through the cock g up to the 
receiver, as is seen in fig. 1 and % where all the parts are 
marked with the same letters, et is a steel rod going through 
a leather box in the piston xj. The top of this rod is fixed to 
the valve e, and its bottom part slides in a small hole with an 
allowance of 0* 1 inch up and downward; eonsequently the valve 
E can move no further. When the piston descends, it first 
opens the valve by pushing the rod to the bottom of the hole. 
Then it slides down along the rod et, and the air from the 
receiver has now free access to the cylinder. When the piston 
returns it lifts the rod et, and thus shuts up the valve. Then 
the piston slides again along the rod up to the top of the 
cylinder, condensing the air above it, which air, by the least con- 
densation, opens a valve e, fig. 2, and escapes freely into the 
atmosphere. This last valve has neither spring nor additional 
weight to shut it, but shuts by its own weight (about a quarter 
of an ounce) as soon as the piston is arrived at the top of the 
cylinder. 

The cylinders are made of glass, and the pistons of tin^ so well 
fited as to be alr4lg1U^ without the interposition of any leathers. 
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The friction of these two bodies is small beyond expectation, 
a sufficient proof that they will be durable. They possess the 
further advantage of being capable of standing for even six 
months, after which time they will serve without being cleaned 
or repaired, because they are not liable to be corroded by the 
oil which they contain, an inconvenience too general in brass 
cylinders. After all, if the present pump should want cleaning, 
it is an easy operation to take off the top piece by unscrew- 
ing the nuts h and i, when this piece, with all the apparatus 
upon it, will come off*. Then each cylinder may very easily be 
slid off from the piston, wiped out and replaced, after having 
greased it inside with a little of the cleanest sweet oil : the top 
is then to be put again in its place, and the two nuts h and i 
being screwed upon it, the mstrument is ready. Neither racks 
nor pinion need to be taken out of their places, the cylinders 
standing above them. 

The cock is constructed so, that, being in the situation re- 
presented in fig. 1, the communication is open between the 
cylinders, the receiver, and the barometer-gauge, and, by a 
quarter of a revolution, the cylinders are excluded, the receiver 
and gauge being still left in communication. A little stopper 
in fig. £, ground into the cock, being open, air is admitted to 
the receiver, if required. 

The receiver-plate is of glass ground flat, as was mentioned 
before: this will be found preferable to brass, because cleaner, 
and never corroded by acids or water ; it will besides often 
prove very convenient in making electrical experiments in the 
vacuum. 

The whole instrumentis fixed upon a mahogany table, which 
serves as a stand fork. 

Mr. Mendelsohn concludes his description by observing that 

neither the employing of glass cylinders nor the method of 
opening the valves is new ; but, for aught he knows, this is the 
first instrument of the kind ever executed: and the idea of 
putting the valves at top, and thus simplifying the instrument, 
seems to have escaped the attention of the eminent artists, both 
here and abroad, as, to my best knowledge, it has never been 
done or described any where. The metallic pistons, without 
leathering, must certainly add to the durability, and diminish 
the great labour that usually attends working an air-pump.’’ 
(Nicholson's Journal New Series^ No- S0.) 

Mr. Vream, who was Dr. Desaguliers’s operator for phi- 
losophical machines, made such an alteration inHawksbee’s air- 
pump, as produced the alternate reciprocating motion of the 
pistons, without turning the handle to and fro : while the handle 
turns constantly one way in its operation, a crank, by means of 
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two leading pieces^ gives the wheel that moves the racks a 
motion of about two-thirds (or more when required) of its 
circumference, every time the crank goes round. The ad- 
vantages which Mr. Vream thought would result from this 
alteration, he describes in the following words : I hope I have 
improved Mr. Hawksbee’s pump by a contrivance whereby in 
turning the winch quite round the emholi^^ or pistons, are al- 
ternately raised and depressed ; whereas in Mr. Hawksbee’s 
way, the moving of the hand backward and for w^ard is not only 
more troublesome, but shakes the pump ; because it is required 
to press the barrel hard against the oottom piece under the 
barrels, to discharge the air from the valves at every stroke. 
Besides if the pump should at any time happen to leak, when 
an experiment should be made in haste; you may exhaust so 
fast this way as to make your experiment without being at the 
trouble to pull the pump to pieces, in order to make it tight, 
except in such cases as require the recipient to be perfectly ex- 
hausted,’" 

Fig. 11. pi. HI. will show in what this improvement of Mr 
Vream ’s consists. The axis bb on which the crank Aa6 and 
handle bp turn, is perpendicular to the plane of the wheel we 
which moves the racks s, x : two leaders n, n, of equal length, 
are hung by one end upon the crank and by the other 
upon the two ends of a pin i which passes through the wheel at 
a suitable distance from the centre. While the crank is rising 
the pin I is raised from, its position in the figure to some higher 
point, as r, thus causing the wdieel to turn upon its centre e, 
and raise the rack s, while it depresses the rack x; afterwards, 
while the crank is descending through the other half of its re- 
volution, the pin is pushed back again from u to i, the wheel e 
turns the contrary way, the rack xis raised, and s depressed. 
So the racks are alternately raised and depressed as the circular 
motion of the handle f carries round the crank Ac?. The radius 
ab of the crank must be rather less than the distance ei of the 
pin I from the centre of the wheel, in order to ensure the al- 
ternate motion of the pistons ; and the more extensive the 
motion of these is required to be wnth respect to the motion of 
the crank, the more must the radius of the wheel Ew exceed the 
distance ei. 

This contrivance, however ingenious, has been seldom applied 
to air-pumps ; probably because there is a considerable variation 
of requisite moving force in the different parts of the revolution 
of the crank ; a variation which may produce jolts in the motion. 
But this inequality offeree upon the crank, being occasioned by 
the variable obliquity in the position of the leaders n, n, may 
be much reduced by making the distances ah^ ei, as small as 
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can be conveniently, with respect to the length ai of the 
leaders. 

ANEMOMETEE. See art. 49. of the introductory part 
of this volume. 

ATWOOD’S MACHINE, the name which is now commonly 
applied to the ingenious apparatus invented by the late Mr. 
Atwood ofTnnity college, Gam bridge, to illustrate the doc- 
trines of accelerated motion. This machine has been found to 
answer the purpose far more completely than any other ; sub- 
jecting to experimental examination the quantity of matter 
moved, the measure of the force which moves it, the space de- 
scribed from quiescence, the time of description, and the velo- 
city acquired. The theory of this instrument depends upon the 
principles exhibited in art 267. vol. T But we shall here give 
so much of the theory and description as seems necessary to show 
its nature and use, chiefly in the words of the ingeniouyinventor. 

1. Of the mass moved,— \n order to observe the effects of the 
moving force, which is the object of any experiment, the inter- 
ference of all other forces should be prevented : the quantity ot 
matter moved, therefore, considering it before any impelling 
force has been applied, should be without weight; for although 
it be impossible to abstract the natural gravity or weight frooj' 
any substance whatever, yet the weight may be^so counteracted 
as to be of no sensible effect in experiments. Thus ^in the in- 
strument constructed to illustrate this subject experimentally, 
A, B, fig. 1. pi. V. represent two equal weights affixed to the 
extremities of a very fine and flexible silk line: this line is 
. stretched over a wheel or fixed pulley moveable round an 
horizontal axis : the two weights a, b, being precisely equal 
and acting against each other, remain in equilibrio ; and when 
the least weight is superadded to either (setting aside the effects 
of friction), it will preponderate. When a, b, are set in motion 
by the action of any weight the sum A-f b+w would consti- 
tute the whole mass moved, but for the inertia of the materials 
which must necessarily be used in the communication of mo- 
tion : these materials consist of, 1. The wheel dbcd^ over which 
the line sustaining a and b passes. % The four friction- 
wheels, on which the axle of the wheel «6cd rests : the use of 
these wheels is to prevent the loss of motion, which would be 
occasioned by the friction of the axle if it revolved on an im- 
moveable surface. 3. The line by which the bodies a and b 
are connected, so as when set in motion to move with equal 
velocities. The weight and inertia of the line are too small to 
have sensible effect on tbe experiments; but the inertia of the 
other materials just nieotioned constitute a considerable propov*. 
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tion of the mass moved, and must be taken into account. Since 
when A and B are put in motion, they must necessarily move 
with a velocity equal to that of the circumference of the wheel 
abed, to which the line is applied ; it follows, that if the whole 
mass of the wheels were accuxiiulated in this circumference, 
its inertia would be truly estimated by the quantity of matter 
moved : but since the parts of the wheels move with different 
velocities} their effects in resisting the communication of mo- 
tion to A and B by their inertia will be different; those parts 
which are furthest from the axis resisting more than those 
which revolve nearer in a duplicate proportion of those di- 
stances. If the figures of the wheels were regular, from know- 
ing their weights md figures, the distances of* their centres of 
gyration from their axes of motion would become known, and 
consequently an equivalent weight, which being accumulated 
uniformly in the circumference abed, would exert an inertia 
equal to that of the wheels in their constructed form. But as 
the figures are wholly irregular, recourse must be had to expe- 
riment, to assign that equivalent quantity of matter, which 
being accumulated uniformly in the circumference of the wheel 
ixom, would resist the communication of motion to a in the 
same manner as the wheels. 

^In order to ascertain the inertia of the wheel abed with that 
of the friction- wheels, the weights a, b, being removed, the fol- 
Iwins experiment was made. A weight of thirty grains was 
^xed to a silk line (the weight of which was not so much as 
^th ot a grain, and consequently too inconsiderable to have 
sensible effect in the experiment); this line being wound about 
the wheel abed, the_ weight SO grains by descending from rest 
communicated motion to the wheel, and by many trials was 
observed to describe a space of about S8i inches in 3 seconds, 
f rom these data the equivalent mass or inertia of the wheels 
will be known from this rule ; 


et a weight p_(fig. S.) be applied to communicate motion 
to a system of Irodies by means of a very slender and flexible 
line going round the wheel sldim, through the centre of which 
V the common centre of gravity, b the 

centre of OTavity of the matter contained in this line, and o the 
oscillation). Let this weight descend from rest 
through amr convenient space s inches, and let the observed 
time of Its descent be ^seconds; then if I be the space throu<rh 
which bodies descend freely by gravity in one second, the equi- 
valent weight sought — " x "R x »» r x 
voL I, 
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Here we have p grains, seconds, Z=:193 inches, 
^z=38*S inches and—— — 1 > — — — 30 := 1323 grains 
or 2-1 ounces* 

This is the inertia equivalent to that of the wheel aScrf, and 
the friction- wheels together : for the rule extends to the estima- 
tion of the inertia of the mass contained in all the wheels* 

The resistance to motion therefore arising from the wheels’ 
inertia will be the same as if they were absolutely removed, and 
a mass of £|: ounces were uniformly accumulated in the cir- 
cumference of the wheel afed This being premised, let the 
boxes A and b, fig. 1, be replaced, being suspended by the silk 
line over the wheel or pulley and balancing each other : 

suppose that any weight w- be added to A so that it shall descend, 
the exact quantity of matter moved, during the descent of the 
weight A, will be ascertained, for the whole mass will be a+^J 
oz. 

In order to avoid troublesome computations in adjusting the 
quantities of matter moved and the moving forces, some deter- 
minate weight of convenient magnitude may be assumed as 
a standard, to which all the others are referred. This standard 
weight in tlie subsequent experiments is ± of an ounce, and is 
represented by the letter m. The inertia of the wheels being 
therefore =2| ounces, will be denoted by Wm, a and b are 
two boxes constructed so as to contain different quantities of 
matter, according as the experiment may require them to be 
varied: the weight of each box, including the hook to which it 
is suspended, nlfoz. or according to the preceding estimation, 
the weight of each box will be denoted by Qm ; these boxes 
contain such weights as are represented by fig. 3. each of which 
weighs an ounce, so as to be equivalent to 4m ; other weights of 
4- oz. =: 2m, and aliquot parts of m, such as A, may be 

also included in the boxes, according to the conditions of the 
different experiments hereafter described. 

If 4 |.gz. or 19m, be included in either box, this, with the 
weight of the box itself, will be 25m; so that when the weights 
A and B, each being 25m, are balanced in the manner above 
represented, their whole mass wall be 50m, which being added 
to the inertia of the wheels 11m, the sum will be 6im. More- 
over, three circular weights, such as that which is represented 
at fig. 4. are constructed; each of wdiich n^^oz. or m: if one 
of these be added to A and one to b, the whole mass will now 
becume QSm, perfectly in equilibrio, and moveable by the least 
weight added to either (setting aside the effects of friction), in 
the same manner precisely as if the same weight or force were 
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applied to communicate motion to the mass existing in 
free space and without gravity. 

£. The movmgjbrce^ Since the natural weight or gravity of 
any given substance is constant, and the exact quantity of it 
easily estimated, it will be convenient here to applyr a weight to 
the mass A as a moving force: thus, when the system consists 
of a mass=: 6 §?ri, according to the preceding description, the 
whole being perfectly balanced, let a weight ^oz. or such as 
is represented in fig. 5. be applied on the mass a; this will 
communicate motion to the whole system ; by adding a quantity 
of matter m to the former mass bSm, the whole quantity of 
matter moved will now become 64w ; and the moving force 
being this will give the force which accelerates the descent 

of az=“, or part of the accelerating force by which the 

bodies descend freely towards the earth s surface. 

By the preceding construction, the moving force may be 
altered without altering the mass moved : for suppose the three 
weights two of which are placed on a, and one on b, to be 
removed, then will a balance b. If the weights 3m be all 
placed on A, the moving force will now become Sm, and the 
mass moved 64m as before, and the force which accelerates the 

descent of - 3 ?^ parts of the force by which gravity ac- 

celerates bodies in their free descent to the surface. 

Suppose it were required to make the moving force 2m, the 
masss moved continuing the same. In order to eifect this, let 
the three weights, each of which zzm, be removed; a and b 
will balance each other ; and the whole mass will be 61m: let 
Am, fig. 5, be added to A, and to b, the equilibrium will still 
be preserved, and the mass moved will be 62m ; now let 2 m be 
added to a, the moving force will be 2 m, and the mass moved 
.64m, as before ; wherefore the force of acceleration part 
of the acceleration of gravity. These alterations in the moving 
force may be made with great ease and convenience in the more 
obvious and elementary experiments, there being no necessity 
for altering the contents of the boxes A and b : but the propor- 
tion and absolute quantities of the moving force and mass moved 
may be of any assigned magnitude, according to the conditions 
of the proposition to be illustrated. 

3. spaee described The body a, fig. I, descends in a 

vertical line ; and a scale about 64 inches in length graduated 
into inches and tenths^ of an inch is adjusted vertically, and so 
placed that the descending weight a may fall in the middle of a 
square stage, fixed to receive it at the end of the descent: the 
beginning of the descent is estimated from Don the scale, wdien 
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the tettom of the box A is on a with 0. The descent of 
A is terminated when the bottora of the box strikes the stage, 
which may be fixed at different distances from the point 0 ; so 
. that by altering the position of the stage, the space described 

from quiescence may be of any given magnitude less than 64 
indies. 

4. The time of motion is observed by the beats of a pendulu m, 
w^hich vibrates seconds ; and the experiments, intended to illus- 
trate the elementary propositions, may be easily so constructed 
thatthe timeof motion shall be a whole number of seconds : the 
estimation of the time, therefore, admits of considerable ex- 
actness, provided the observer takes care to let the bottom of the 
box A begin its descent precisely at any beat of the pendulum ; 
then the coincidence of the stroke of the box against the stage, 
and the beat of the pendulum at the end of the time of motion, 
will show how nearly the experiment and the theory agree to- 
gether. There might be various mechanical devices thought of 
for letting the weight a begin its descent at the instant of a beat 
of the pendulum w : let the bottom of the box a, when at 0 
on the scale, rest on a flat rod, held in the hand horizontally, its 
extremity being coincident with 0, by attending to the beats of 

1 the pendulum ; and with a little practice the rod which supports 

the box A may be removed at the moment the pendulum beats, 
so that the descent of a shall commence at the same instant. 

5. Of the ^velocity acquired. It remains only to describe in 
what manner the velocity acquired by the descending weight 
A, at any given point of the space through which it has de- 
scended, is made evident to the senses. The velocity of a’s 
descent being continually accelerated, will be the same in no 
two points of the space described. This is occasioned by the 
constant action of the moving force; and since the velocity of 
A at any instant is measured by the space which would be de- 
scribed by it, moving uniformly for a given time with the ve- 

I locity it had acquired at that instant, this measure cannot be ex- 

perimentally obtained, except by removing the force by which 
the descending body’s acceleration was caused. 

In order to show in what manner this is affected practically, 
let us again suppose the boxes a and b = 25?w each, so as to- 
1 gather to berz5()w; this with the wheel’s inertia llm, will 

i make 61m ; now let w, fig, 3. be added to a, and an equal 

weight on to b, these bodies will balance each other, and the 
i whole mass will be 63^7^. If a weight m be added to a, motion 

I will be communicated, the moving force being w, and the mass 

j moved 64<m. In estimating the moving force, the circular weight 

j was made use of as a moving force: but for the present 

j purpose of showing the velocity acquired, it will be convenient 
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to use a flat rodj the weight of which is also m. Let the bottom 
of the box A be placed on a level with 0 on the scale, the whole 
mass being as described above 63?n^ perfectly balanced in 
equllibrio. Now let the rod, the weight of which rr be 
placed on the upper surface of a ; this body will descend along 
the scale precisely in the same manner as when the moving 
force was app]ied*^io the form of a circular %veight. Suppose 
the mass a, fig. 63 to have descended by constant acceleration 
of force m, for any given time, or through a given space: 
let a circular frame be so affixed to the scale, contiguous to 
which the weight descends, that a may pass centrally through 
it, and that this circular frame may intercept the rod m, by 
which the body A has been accelerated from quiescence. After 
the moving force m has been intercepted at the end of the given 
space or time, there will be no force operating on any part of 
the system wliich can accelerate or retard its motion : this being 
the case, the weight a, the instant after m has been removed, 
must proceed uniformly with the velocity which it had acquired 
that instant: in the subsequent part of its descent, the velocity, 
being uniform, will be measured by the space described in 
any convement number of seconds. 

Other uses of the InsinmieM is needless to describe par- 
ticularly, but it may not be improper to mention some of them ; 
such as the experimental esrimation of the velocities com- 
municated by the impact of bodies elastic and non-elastic ; the 
quantity of resistance opposed by fluids, as w^ell as for various 
other pur{)oses. These uses we sliall not insist on ; but the pro- 
perties of retarded motion being a part of the present subject, it 
may be necessary to show in wdiat manner the motion of bodies 
resisted by constant forces are reduced to experiment by means 
of the instrument above described, with as great ease and precision 
as the properties of bodies uniformly accelerated. A single in- 
stance will be sufficient: Thus, suppose the mass contained in 
the weights A and B, fig. 6, and the wheels to be fll w, when 
perfectly in equilibrio; let a circular weight m be applied to b, 
and let two long weights or rods, each zzm^ be applied to a, 
then will a descend by the action of the moving force the 
mass moved being 64m: suppose that when it has described 
any given space by constant acceleration, the two rods m are 
intercepted by the circular frame above described, while A is 
descending through it, the velocity acquired by that descent is 
known ; and when the two rods are intercepted, the weight a 
will begin to move on with the velocity acquired, being now 
retarded by the constant force m ; and since the mass moved 
is it follows that the force of retardation will be part of 
that force whereby gravity retards bodies thrown perpendicularly 
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upwards. Tlxe weight a will therefore proceed along the gra- 
duated scale in its descent with an uniformly retarded motion, 
and the space described, times of motion, and velocities destroy ed 
by the resisting force, will be subject to the same measures as 
in the examples of accelerated motion above described. 

In the foregoing descriptions, two suppositions have been 
assumed, neither of which is mathematically true; but it may 
be easily shown that they are so in a physical sense: the errors 
occasioned by them in practice being insensible. 

1. The force which communicates motion to the system has 
been assumed constant ; which will be true only on a supposition 
that the line, at the extremities of which the weights a and b, 
fig, 1, are affixed, is without weight. In order to make it 
evident that the line’s weight and ineitia are of no sensible 
effect, let a case be referred to, wherein the body a descends 
through 48 inches from rest by the action of the moving force 
when the mass moved is 64m ; the time wherein a describes 
48 inches is increased by the effects of the line’s weight by no 
more than Tl-^l-^th parts of a second ; the time of descent being 
3*9896 seconds, when the string’s weight is not considered, and 
the time when the string‘’s weight is taken into account n 4* 0£08 
seconds ; the difference between which is wholly insensible by 
observation. 

The bodies have also been supposed to move in vacuo, 
whereas the air’s resistance will have some effect in retarding 
their motion ; but as tlie greatest velocity communicated in 
these experiments cannot much exceed that of about 26 inches 
in a second (suppose the limit ^6’2845)r and the cylindrical 
boxes being about 1|: inches in diameter, the air’s resistance can 
never increase the time of descent in so great proportion as that 
of 240: 241; its effectstherefore will beinsensible in experiment. 

The effects of friction are almost wholly removed by the 
friction wheels ; for when the surfaces are well polished and 
free from dust, &c. if the weights a and b be balanced in per- 
fect equilibrio, and the whole mass consists of 63m, according 
to the example already described, a weight of T| grain, or at 
most 2 grains, being added either to a or b, will communicate 
motion to the whole ; which shows that the effects of friction 
will not be so great as a weight of or two grains. In some 
cases, however, especially in experiments relating to retarded 
motion, the effects of friction become sensible; but may be very 
readily and exactly removed by adding a small weight of 1 *5 or 2 
grains to the descending body, taking care that the weight added 
IS such as is in the least degree smaller than that which is just 
sufiicient to set the whole in motion, when a and b are equal. 
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and balance each other before the moving force is applied. 
(At^eood on 3Ioihn^ p. 3ld) 

BALANCE, as ''distinguished from the Steelyard, is a lever 
with equal arms, whose fulcrum or centre of motion is situated 
immediately above the centre of gravity of the beam, when ho- 
rizontal: it is used chiefly in determining the equality or differ- 
ence in the w^eights of different bodies 

Some remarks on the nature of the balance were made when 
we treated of the lever in the firsts volume ; \|here also we 
showed how to correct the deception occasioned by a false 
balance: in addition to what was there stated, we shall now 
present a few such observations as may be most serviceable in 
<]ireeting the accurate construction of this instrument. 

1. The axis of motion of the balance should be above the 
centre of gravity of the beam. 

2. A slender index, or tongue (as it is called), passes through 
tlie centres of gravity and motion of the beam, perpendicular 
to its axis : by this index the horizontal position of the beam, 
when loaded, in the comparison of weights, is determined. 

3. When the balance unloaded is quiescent, and therefore 
horizontal, if the index which passes through the fulcrum be 
directed to any fixed point ; and again when the balance is re- 
versed, it be directed to the same fixed point ; it is in the right 
line which joins the centre of gravity and the fulcrum. 

By this means the position of the index is adjusted. 

4. The perpendicular distances of the points of application of 
the weights to be compared, from the right line which joins the 
centres of gravity and of motion, should be equal, that is, the 
arms ofthe balance ought to be equal. 

5. The points of application from which the weights are sus- 
pended should be in the same right line perpendicular to the 
line joining the centres of gravity and of motion. 

6. The nearer the right line joining the points of application 
is to the centre of motion, the larger vibrations of the balance, 
and a more sensible effect, wull be produced. 

7. if the centre of motion be situated below the line joining 
the points of application, the beam, when loaded with equal 
weights, will overset, rest in any position, or equilibrate accord- 
ing to the w^eight. 

8. When two given weights, suspended from the arms of a 
balance, are in equilibrio, if these weights when transferred to 
the opposite scales be still in equilibi^io, the arms of the balance 
are eqtial. 

9. The various adjustments of the balance are these: 1st. 
Equal weights are readily found, whatever be the state of the 
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balance; for, if they reduce the beam to the same position, 
when successively applied to the same arm, they must be equal : 
then if these equal weights transposed do not disturb the posi- 
tion of the beam, the arms are equal. Sdly. If unequal weights 
transposed produce equal deflections of the beam, the points of 
suspension are in the same right lines, perpendicular to that 
which joins the centre of gravity and motion; and therefore 
the line joining these points will be horizontal when the beam 
hangs freely, ^dly. Let the index be directed to any fixed point, 
then the beam being reversed, if it still pass through the same 
point, the index is perpendicular to the axis of the beam. 

10. The equilibrium of the balance will be effected by tbe 
tongue, unless it be continued below the centre of motion, so 
that the momenta on both sides may be equal and opposite. 

11. Minute differences of weight are rendered more dis- 
cernible by diminishing the friction upon the axis, as by sus- 
pending it in a fork with springs, &c. 

Indeed when balances are required for accurate philosophical 
purposes, much caution is requisite in the various parts of 
the construction, and many peculiar contrivances have been 
adopted: some of the best of these are given in the following 
article. Among domestic balances the best with which we are 
acquainted is that of Brad/y^ 

Hydrostatic Balance, is an instrument contrived to deter- 
mine accurately the specific gravity of both solid and fluid bodies. 
One of the most ingenious forms of this balance is exhibited in 
fig. 5. pi. VI. where vcG is the stand or pillar, which is to be 
fixed in a table. From the top a hangs by two silk strings the 
horizontal bar rb, from which is suspended by a ring i the fine 
beam of a balance h : which is prevented from descending too 
low on either side by the gently springing piece txyz^ fixed on 
the support m. The harness is annulated at o, to show di- 
stinctly the perpendicular position of the examen, by the small 
pointed index fixed above it. 

The strings by which the balance is suspended, passing over 
two pulleys, one on each side the piece at a, go down to the 
bottom on the other side, and are h ung over the hook at v ; which 
hook, by means of a screw p, is moveable to about the distance 
of an inch and a quarter backward and forward, and therefore 
the balance may be raised or depressed so much. But if a 
greater elevation or depression be required, the sliding piece 
which carries the screw p, is readily removed to any part of the 
square brass rod vx, and fixed by means of a screw. 

The motion of the balance being thus adjusted, the rest of 
the apparatus is as follows : hh is a small board fixed upon the 
piece D, under the scales and and is moveable up and down 
m a low slit in the pillar above c, and fastened at any part by a * 


screw behind. From the point in the middle of the bottom of 
each scale hangs, by a fine hook, a bi-ass wire mly and m : these 
pass through holes m, m, in the table. To the wire acl is sus« 
pended a curious cylindric wire r.s, perforated at each end for 
that purpose: this wire rs is covered with paper graduated by 
equal divisions, and is about five inches long. 

In the corner of the board at e is fixed a brass tube, on which 
a round wire M is so adapted as to move neither too tight nor 
too freely, by its flat head i. Upon the lower part of this 
moves another tube a, which has sufficient friction to make it 
remain in any position required: to this is fixed an index t, 
moving horizontally when the wire AZ is turned about, and may 
therefore be easily set to the graduated wire ?’a'. From the 
lower end of the wire hangs a weight l; and from that a 
wire^7^, with a small brass ballg* about one-fourth of an inch 
diameter. On the other side from the wire ac hangs a large 
glass bubble, It, by a horse-hair. 

Now let us suppose the weight l taken away, and the wire 
pfi suspended from s : and on the other side let the bubble e l)e 
taken away, and a weight, as f, suspended eLt c in its room. 
This weight F we suppose to be sufficient to keep the several 
parts hanging from the other scale in equillbrio ; at the same 
time that the middle point of the wire p?i is at the surface of 
the water in the vessel o. The wire is to be of such a size 
that the length of one inch shall weigh four grains. 

Now it is evident, since brass is about eight times heavier 
than water, that for every inch the wire sinks in the water, it 
will become half a grain lighter; and half a grain heavier for 
every inch it rises out of the water : consequently, by sinking 
two inches below the middle point, or rising two inches above 
it, the wire will become in effect one grain lighter or heavier. 
If, therefore, when the middle point is at the surface of the 
water in equilibrio, the index t be set to the middle point of 
the graduated wire and the distance of r and of s from the 
index be each reckoned to contain 100 equal parts; then, if in 
weighing bodies the weight is required to the hundredth part of 
a grain, it may be easily obtained by proceeding thus Let the 
body to be weighed be placed in the scale e ; and let this be so 
determined that one grain more shall be too much, and one 
grain less too little. Then the balance being moved gently up 
or down by the screw p till the equilibrium be nicely shown at 
o, if the index x be at the middle point of the wire rs^ it shows 
that the weights put into the scale e are just equal to the weight 
of the body* 

But if the index x stand nearer to r than to 5 , as suppose 88 
of the 100 parts. It shows the number of grains in the scale e 
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were less than equal to the weight of the body in scale d, byS6 
hundredths of a grain : and if, bn the other hand, the index had 
stood at the division 36 below the middle point of r. 5 ?, then would 
the grains in the scale e indicate more than the real weight in d 
by 36 hundredths of a grain. 

Instead of putting the body In the scale d as before, let it be 
appended with the weight f atthe hook ehy a horse-hair, as at 
R, supposing the vessel of water were away ; then observe the 
equilibrium, and as it hangs, let it be immersed in the water of the 
vessel o, and it will become much lighter ; the number of grains 
and parts of grains, determined as before, required to restore 
the equilibrium, will show the weight of water equal in bulk to 
the body immersed. 

In practice, the wire should be oiled, and then wiped as 
clean as possible; enough will remain to prevent the water 
adhering to it. The balance ought to be raised very gently, 
and when brought to an equilibrium should be gently agitated, 
to see whether it will return to the equilibrium again. 

For the description of M. Pauls accurate steelyard to answer 
the same purposes, see the article STEELYARD. 

M. Prony, of whom we often have had occasion to speak, 
has invented a stand or support for balances of all dimensions, 
which is calculated to render the operations for which these 
instruments are used more expeditious and convenient, without 
diminishing their accuracy. 

Several experiments, says he, in which I was engaged 
during the course of the last winter, put me under the necessity 
of contriving a support which might be applied promiscuously 
to every kind of balance, whether provided with a suspending 
handle or not, and which, without detriment to its accuracy, 
should afford me commodious means of successively raising and 
lowering it. It is well known how embarrassing and laborious 
the operation of weighing is, when performed with balances 
supported by the hand ; though this is often only the smallest 
incon venience with which their use is attended. 

Various artists have contrived supports, commodious in 
their use, and ingenious in their principle ; but as each of these 
supports can only be adapted to a single balance, they become 
so expensive as to be out of the reach of the majority of artists 
and experimentalists. I think, therefore, I shall do them an 
acceptable service by publishing, in compliance with the request 
of several eminent chemists, the description of a support, 
which, besides the advantage of being adapted for all kinds of 
balances, possesses that of being constructed, at a small ex* 
pense, either in wood or metal. 

A triangular foot of brass Aai, a, a (figs. 1, and % pL VL 
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representing the elevation and section of my apparatus) has its 
three extremities a, a, a, firmly screwed down upon a table or 
horizontal plane. Into the part A of this foot is screw^ed a 
cylindrical rod ab, which may be of any arbitrary length : it 

Biay even be convenient to have two of these of different lengths, 
in,: order that they may be changed, when we wish to employ 
the machine for very large balances. Those which I have made 

use of are, the one half a metre, and the other one metre 

inches) in length. ^ ^ , 

A vertical pulley, p, is placed at the top of the stem ab, 
in such a manner that the same vertical plane passes^ through 
the axis of the rod, and through the horizontal axis ot the 
pulley; the block or collar cn of this pulley has at its lower 
part a tube cb, Into which enters, with a gentle friction, the 
superior extremity of the rod ab ; a screw, e, serves to keep 
the pulley in a fixed position. 

Another pulley, f, is fixed at the bottom of the rod ab, in 
such a position that the tangent of the pulleys p and p is 
parallel to the axis of the rod AB. 

A cord K^j9HGPF, to the end of which is suspended on the 
outside of the vertical table K a small weight 1’, passes througli 
a^hole t made in the foot a, rolls over the pulleys p and p, and 
is attached at f to a piece mm^ng^ which has the form of a 
fork, and to which are suspended (as I shall shortly explain) 
tlie balance, the weights, and the substances that are to be 
weighed, is a button, which being screwed at the top of 
the fork, receives the end of the cord, and by means of a knot 
made on it sustains the fork. 

The tail or handle of this fork is of a prismatic form at 
the part ; this prismatic part enters a groovej^made at the 
extremity n of the horizontal piece no, so th^ it cm slide 
freely in this groove either upwards or downwards, its course 
being however limited at where it is stopped by the enlarged 
handle of the fork, and at nhj the greater width produced by 
the separation of the two branches of the fork. 

The piece no, which is hollow, and intersected at o by the 
stem AB, can slide along and turn round this stem : when it is 
brought to its proper height, it is secured by means of the 
screw V, and it is then necessary, first, that it should be at such 
a height that,wlien the stop m rests on the side of the groove^^ 
or when no can move no further down, the scale of the balance 
shall be in contact with the table or horizontal plane, in order 
that we may afterwards be able to raise it the whole height of 
jfn; secondly, that the cord ff be in one and the same vertical 
plane with hg. 

The groove at ought to be situated in such a manner that 
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the axis of tlie prismatic part of the tail of the fork^. and the 
cord ff ^5 shall always be in the same vertical plane^ of in a 
parallel line with the axis of the stem AB. 

These dispositions being made, let ns imagine the tw^o 
branches 7iq of the fork to be perforated with holes of different 
diameters, in order to receive horizontal pins (gg) of different 
sizes ; and we shall have all that is requisite for the ordinary 
operations of weighing, performed in the air with balances, 
the beams of which are suspended from above. 

In fact, whatever kind of balance we use, we are to intro- 
duce the extremity of its suspending handle into the fork nq^ 
and insert into the round hole, which the handle of the balance 
always has at its superior extremity, any one of the pins tlaat 
will enter with ease; we then apply the piece on in such a 
manner as to fulfil the conditions above laid down for the 
position of this piece ; after which, it is to be fixed by the screw 
V. This being done, the scales of tha balance are to be 
charged, which being in contact with the table, or horizontal 
plane, can have no motion. When the scales are charged, we 
lay hold of the small ball Ic, and draw the cord which suspends 
it so as to raise the balance very slowly : if the scales be not in 
equilibrio, the cord is to be loosened till they rest again upon the 
table, and so successively. 

‘‘A counterpoise, a, suspended to the cord fo, ought to 
preserve the equilibrium with the weight of the balance. By 
means of this precaution it comes to pass, that the common 
centre of gravity of all the forces supported by the pulley 
p, falls in all cases upon the axis of the stem a a, which thus 
has no tendency to bend. 

If we wish now to use a hydrostatic balance, we adapt to 
the stem ab a small board on, fig. S, which, by means of a 
cylindrical hole at o, may slide along the rod ab, and be fixed 
at any arbitrary height by a screw at v. Another piece, 
or board is placed upon v%V, in such a manner that the 
holes TT correspond with the centre of the scales, under which 
are placed the hooks intended for holding the substances sus- 
pended in the water, and is fixed upon v^n* by means of 
screws yK , — . 

These arrangements being made, let the piece and the 
board be placed in such a. manner that, first, the w'holc 
height of the balance be placed between this piece and the 
board, and that the scales el be in contact with the board 
K^K^, their centres corresponding with holes made in XT. 
Secondly, that be sufficiently elevated to enable us to 
place under it the vessels ww, filled with water, and conveniently 

VOL. n. H 


96 


MACHINES- 


to immerse, in one of these vessels, the substances which we 
wish to weigh hydrostatically. 

According to the common practice, these substances are 
suspended by a very thin wire ; but by placing, after my 
method, two vessels, and suspending to the two scales wires of 
equal diameter, the one of which supports the substance that is 
to be weighed, and the other merely in part immersed, the 
magnitude of the diameter will have no influence upon the ac- 
curacy of the operation ; for, let us suppose tlie apparatus to be 
adjusted in such a manner that at first the two wires were in 
equilibrio with each other (which may easily be obtained by 
varying the height of the water in the vessels), these two wires 
will still be in equilibrio, when the beam ff^ being elevated, 
will remain in its horizontal position : whence it follows that if 
one of the wires have suspended from it a substance immersed 
in the water, and we place in theopposite scale, and consequently 
out of the water, a«r weight adequate to keep the equilibriimi 
with the immersed substance, for a horizontal position of the 
beam, the equilibrium will still be maintained, whatever maybe 
the elevation or depression of the beam, provided it continue in 
a horizontal position ; for the lengths of the wires, either above 
or below the surface of the water, being equal, the difference 
between the specific weight of the water and that of the metal 
will operate equally upon both extremities of the beam. It is 
evident that this advantage will not be obtained if we employ 
only the wire to which the substance is suspended, and that the 
equi]ibrium,established for a certain elevation and a horizontal 
position of the beam, will not apply to other elevations of the 
beam by preserving it in the horizontal position. 

It is to be remarked, that my method compensates iiot only 
for the excess of the specific weight of the wires over that of 
the water, but also for that which depends upon the adhesion 
of the fluid to the wires, and the covering of water which they 
carry along with them. 

All that has been said hitherto applies only to balances 
that are provided with suspended handles; but, in order to 
render this support absolutely universal in its use, it was 
necessary that it should be possible to adapt it to a beam which 
had nothing but its centres ; for which purpose I contrived an 
apparatus, which is suspended, like those of a common balance, 
to the fork and which may receive the centres of any beam. 
The engraved plates of my machine represent it provided with 
this apparatus, the construction of which is as follows. 

A piece ss^ has a screwed hole bored into it at 5^, into whicli 
the screw dd is inserted half its length. Another hole, made 
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al in a i^tpendicular direction to the first, receives the pin 

« g, to which all the inferior apparatus is suspended. This 
ole ^ supplies the place of that which is found at the upper 
extremity of the suspended handle of balances. 

The two other vertical pieces r, r, fig. 4. have at their upper 
part cylindrical holes not screwed, in which the screw dd can 
turn freely. These superior parts are placed at an arbitrary 
distance, and retained in their situation by means of four nut- 
screws Uf u, iL^Uy each of the pieces being fastened between two 
of these imt-screws. A cylindrical rod hh traverses the inferior 
parts of these pieces rr, and is fixed there by means of nut- 
screws, in such a manner that the superior and inferior points 
of the piece rr are invariably at the same distance. 

Each of these pieces rr has, upon the surface which is per^. 
pendicular to the direction of dd and hh^ a groove ee, and a 
circular a|3erture X 3 having at its lower part a small bracket of 
polished steel intended to support one of the centres of the 
beam. Into the upper part of the grooves ee a rule i$ 
introduced, which must enter with tightness, and which, witli 
the pieces dd and M, give such a solidity to the apparatus, that 
the adjustment of its parts cannot be in the smallest degree 
deranged. T he remainder of the groove, which is not occu pied 
by ought to be of a length somewhat greater than that of 
the largest cock or index adapted to the beams which we shall 
have to use. 

The method of using the apparatus which I have just 
described is very simple. The beam which we intended to 
employ is placed between the two branches rr\ which are re- 
moved from each other till the centres can be brought opposite 
to the circular holes x ; the pieces r, r, are then brought to- 
gether in such a manner that the centres enter these holes x, 
and so as still to leave some room for motion between these 
pieces and the body of the beam, in order that the oscillations of 
the balance may be perfectly free. The pieces r, r, are brought 
parallel with each other, and the adjustment of the apparatus 
IS rendered perfectly firm, by means of nut-screws, by the 
small cylindrical rod M, and by the rule The apparatus 
being adjusted in this manner, it is suspended to the fork iiq^ 
by inserting the pinggrinto the hole 5, and the balance is used 
in the manner that has already been explained. We know the 
equilibrium to be established, and the beam to be horizontal, 
when the index divides the breadth of the space ee into two 
equal parts; but in order to ascertain the circumstance with 
greater accuracy, I have attached to the rule a plummet 
means of which we may distinguish the slightest de« 
viations of the index from the perpendicular direction.*’ 
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Dn Coates, of Philadelphia, has proposed a Hydrostatic 
Steelifard^ an account of which is given under the head of Specific 
Gravity ^ in my Common PtACB Book. 

Danish balance, is a kind of balance or steelyard in com- 
mon use in many parts of the continent of Europe, and is of a 
very simple construction. It is thus described in the Dncyclo-- 
jpeedia Britannka (art. Steelyard) : It consists of a batten of 
hard wood, having a heavy lump K (fig. 7. pi. VI.) at one end, 
and a swivel hook 6 at the other. The goods to be weighed 
are suspended on tlie hook, and the whole is carried in a loop 
of whipcord f, in which it is slid backward and forward till the 
goods are balanced by the weight of the other end. The weight 
of the goods is estimated by the loop, on a scale of divisions 
in harmonic progression. They are marked (we presume) by 
trial with known weights.’’ 

It would seem, then, that the w riter of the article, whence 
the above is extracted, was not aware that the divisions on the 
Danish balance might be effected by a method purely geome- 
trical : yet M. Roemer pointed out such a method more than a 
century ago, in Mecueil des Machines appr* par T Acad, Roy. 
Sci. tom. 1. p. 80. It is in substance as follows: Let ac 
(figs. 7. 8.) be the distance between the point A from which 
the body whose weight is to be determined is suspended, and c 
the centre of gravity of the balance when the weiglit w is not 
attached to it. From the point c draw an indefinite line CD, 
making any angle acd with the line ac on which the divisions 
of the balance are to be marked ; and through a draw another 
right line an parallel to CD. Set off any equal distances CE, 
EF, PC, GH, HI, &c. along the line cd ; and upon an set off the 
distance a b equal to one of the equal distances, as CE, upon cd. 
From B as a fixed point draw lines be, bf, bg, bh, &c. to the 
several points of division on cd ; and they will intersect tile line 
AC, in the points 1, % S, 4, 5, &c. where the subdivision marts 
ought to stand in the balance, fig. 7. The numbers 1, 2, 3, 4, 
&c. fig. 8. denote so many times the actual weight of the 
balance and its knobs, independent of the ad ventitious weight w. 
Thus if the unloaded balance weigh 6ibs. the distances marked 
1, 2,6, 4, 5, &c. in fig. 8. would correspond to the subdivision 
marks 6, 12, 18, 24, 30, &c. in fig. 7. 

M. Roemer has not demonstrated the truth of this construc- 
tion ; but it may be easily shown thus : Let w be the weight of 
the balance and knob, and w that of the body which is to be 
ascertained by the instrument. Then, when the point of sus- 
pension is that marked 1, fig, 8. we have in the triangles abI, 
Ice, the sides ab and ce equal, also angle ba1=:1ce, and 
BlAnslc; therefore these triangles are both equiangular and 
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e^juikteral; conse^^ aI—Ic, and by the natures of the 
lever, and the centre of gravitjs Again, in like manner 

when the point of suspension is 2, the triangles ab2, £cf, are 
equiangular ; and since Fcn^AB, we have c2=2a 2, and w=:2rr. 
So also the triangles abS, Scg, are equiangular ; whence be- 
cause cgzzSab, cdnSAd, and w=:3r£? ; and so on, through the 
whole division. 

This balance has been described more on account of its 
curiosity than actual utility : for in ascertaining large weights 
it would be extremely cumbersome and diflScult to manage. In 
the determination of weights not exceeding twenty or thirty 
pounds, it might, however, be rendered very manageable: for 
it might be about the length of an exciseman’s rod, or a walking- 
stick, having a knob of lead at one end; and in this case 
the divisions near the knob might be so numerous as to enable 
a person to weigh accurately to quarters of pounds, if not to 
ounces : the rod might be moved to and fro upon a chair-back, 
or the edge of a trussel ; and thus this instrument might often 
be more conveniently used than a spring steelyard. 

Balance of a Clock or Watch^ is that part which by its 
motion regulates and determines the beats. The circular part 
of it is called the rim^ and its spindle the verge ^ there belong 
to it also two pallets or nuts, that play in the fangs of the crown- 
wheel: in pocket watches that strong stud in which the lower 
pivot of the verge plays, and in the middle of which one pivot 
of the crown-wheel runs, is called the potenbe : the wrought 
piece which covers the balance, and in which the upper pivot 
of the balance plays, is the and the small spring in the 

new pocket watches is called the regulator. 

The motion of a balance, as well as that of a pendulum, 
being reciprocating, while the pressure of the wheels is con- 
stantly in one direction, it is obvious that some art must be 
used to accommodate the one to the other. When a tooth of 
the wheel has given the balance a motion in one direction, it 
must quit it, that it may get an impulsion in the opposite di- 
rection. The balance or pendulum thus escaping from the 
tooth of the wheel, or the tooth escaping from the balance, has 
given to the general construction the name of scapement among 
our artists. ' ■ See Scapement. 

Some of the most important propositions relative to watch 
balances may be concisely stated as follows: 1. The balance of 
a watch is analogous to the pendulum, in its properties and use. 
The simple balance is a circular annulus, ep[ually heavy in all 
its parts, and concentrical with the pivots of the axis on which 
it is mounted. This balance is moved by a spiral spring called 
the balance spring, the invention of Mr. Hook. 
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S, The pendulum requires a less maintaining power than tf^ 
balance. Hence the natural isochron ism of the pendulum is- 
less disturbed by the relatively small inequalities of the main- 
taining power. 

3. The elastic fi)rce of the spring which impels the circum- 
ference of the balance is directly as the tension of the spring ; 
that is, the weights necessary to counterpoise a spiral spring’^s 
elastic force, when the balance is wound to different distances 
from the quiescent point, are in the direct ratio of the arcs 
through which it is wounds 

4. The vibrations of a balance, whether through great or 
small arcs? are performed in the same time. For the accele- 
rating force is directly as the distance from the point of quies- 
cence: hence, therefore, the motion of the balance is analogous 
to that of a peiidulum vibrating in cycloidal arches (vol. i. art.^ 
276). 

5. The time of the vibration of a balance is the same as if a 
quantity of mattery whose inertia is equal to that by which the 
mass contained in the balance opposes the communication of 
motion to the circumference, described a cycloid whose length 
is equal to the arc of vibration, described by the circumference^, 
the accelerafmg force being equal to that of the balance. 

6. The times of vibration of different balances are in a ratio- 
compounded of the direct subduplicate ratios of their weights 
and semidiameters, and the inverse siibdu plicate ratio of the 
tensions of the springs, or of the weights which counterpoise 
them, when wound through a given angle. 

7. The times of vibration of different balances are in a ratio 
compounded of the direct simple ratio of the radii and direct 
subduplicate ratio of their weights, and the inverse subduplicate 
ratio of the absolute forces of the springs at a given tension. 

^ 8. Hence the absolute jfbrce of the balance spring, the 
diameter and weight of the balance being the same, is inversely 

as the square of the time of one vibration. 

^ 9. The absolute foi*ce or strength of the balance spring, the 
time of one vibration, and the weight of the balance being the 
same, is inversely as the square of the diameter. 

10, ^ The weight of the balance, the streogtli of the spring, 
and time of vibration being the same, is inversely as the square 
of the diameter. 

Hence, a large balance, vibrating in the same time with the 
same spring, will be much lighter than a small one. 

11. If the rim of the balance be always of the same breadth 
and thickness, so that the weight shall be as the radius, the 
strength of the spring must be as the cube of the diameter 
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of the balance, that the time of vibration may continue the 
same. 

IS. The momentom of the balance is increased better by 
increasing its diameter than its weight. 

13. The longer a detached balance continues its motion the 
better. 

14. The greater the number of vibrations performed by a 
balance in a given time, the less susceptible is it of external 
''agitations.' 

15. Slow vibrations are, to a certain extent, preferable to 
quick vibrations: but there is manifestly a limit; for if the 
vibrations be too slow, the watch will be liable to stop. 

16. A balance should describe as large arches as possible, 
as suppose 240^, 260°, 300°, or an entire circle. 

First, because the momentum of the balance is thus in- 
creased ; and tlierefore the inequalities in the force of the main- 
taining power bear a less proportion to it, and of consequence 
will have less influence. 2dly. The balance is less susceptible of 
external agitations. 3dly. A given variation in the extent of the 
vibrations produces a less variation in the going of the machine. 

But care must be taken that in these great vibrations, the 
spring shall neither touch any obstacle, nor its spires touch each 
other in contracting. 

17. The time of the vibration of the balance is increased by 
heat, and diminished by cold. First, because the length of the 
spiral spring is increased by heat, and therefore its force dimi- 
nished ; and the contrary by cold, ^dly. The diameter of the 
balance is increased by heat, and therefore also the time of 
vibration ; and the contrary by coldi^ 

18. That balance is the most perfect which, without the 
compensation of a thermometer, is most subject to the influence 
of heat and cold. Because the obstructions from oil and friction 
act as a compensation to the expansion or contraction of the 
spring and l3alance; therefore that balance which is most 
afiected is most free from the influence of oil and friction. 

19. The errors in the going of a watch, arising from the 
change of temperature, may be corrected by varying the length 
of the balance spring. Nevertheless, as it is extremely diflBcult 
to form an isochronal spiral, any variation in its length is 
dangerous, because we shall thus probably lose that point 
winch determines its isoehronism. 

20. The errors in the going of a watch, occasioned by the 
variation of temperature, may be corrected by varying the 
diameter of the balance. 

This may be efiected by a peculiar contrivance which has 
obtained the name of the expansion balance^ being composed 
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of two different metals which possess different degrees of ex- 
pansibility, as brass and steel, for instance ; of which two metals 
It has been observed, that the increase of dimensions by ex- 

f ansion, in like elevations of temperature, is nearly as £ to 1.. 

'or, according to Mr. Smeaton’s experiments (voL 48, Phil, 
Trans.), the corresponding expansions of hard steel and brass- 
wire are as 147 and £d£, the expansions being occasioned by a 
change from a medium temperature to that of 180^ of Fahren- 
heifs thermometer. One of the most approved constructions 
of an expansion balance is exhibited in plate VI L and is thus 
described by Mr. Nicholson : The outer part of the rim is brass, 
and the inner steel. After this compound rim is brought to 
iu figure by turning, it is cut through in three places a, b, c, 
which sets one end of each third part of the periphery at liberty 
to move outwards, when the temperature is diminished, or 
inwards when it is increased. .i>, e, f, are three similar and 
equal masses of metal, fitted upon the circular bars in a proper 
manner to admit of their being fixed at any required distance 
frcm the extremity, where the motion is most considerable. 
G, H, I, are three screws, the heads of which may be set nearer 
to, or further from, the centre, and serve as weights to effect the 
adjustments for position and rate. The peculiar advantage of 
this balance may be explained as follows : when an increase of 
heat diminishes the elastic force of the pendulum spring e, the 
outer brass rim being lengthened more than the steel, must 
throw the weights b, e, p, nearer to the axis, and diminish the 
effect of the inertia of the balance, which consequently is as 
speedily carried through its vibration as before. And on the 
contrary, when cold weather adds to the elastic force of the 
spring, the same weights are also thrown further out, and 
prevent the acceleration which would have followed. The 
exact adjustment of the weights is found by trial of the going 
of the machine : if it gain by heat, the weights do more than 
compensate, and must be moved further from the extreme ends 
of the circular compound bars ; but if the gain be produced by 
cold,^ the spring predominates, and the weights will accordingly 
require to be set further out. 

BALLISTIC PENBULITH, an obviousj though very in- 
genious contrivance, first proposed hy Mr. Benjamin Rohins, 
for the purpose of ascertaining the velocity of a cannon-hall. 
The contrivance depends upon the principle explained art. 313 
of our first volume The block of wood which is struck by 
the ball, instead of being left at liberty to move straight forward 
in the direction of the ball’s motion, is suspended like the weight 
of the vibrating pendulum of a clock, hy a strong iron stem 
{with adequate braces) having a horizontal axis at the top, on 
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the ends of which it vibrates freely when struck by the ball* 
This large pendulum, after receiving the blow, is penetrated by 
the ball to a small depth, and by reason of the motion com- 
municated to it, oscillates round its axis, describing an arch, 
which is greater or less according to the magnitude of the 
impulsion. From the extent of the arch described by the 
vibrating pendulum, the velocity of any point of the block can 
be readily computed : for, from the extent of the arch and the 
radius of description, the versed sine becomes known ; and It is 
well known that the velocity with which the body that describes 
, such an arch commences its motion, is the same as the velocity 

which would be required to carry the body vertically through 
^ the versed sine before its whole motion becomes destro 3 ?ed by 

gravity. This velocity, referred to the centre of oscillation of 
the pendulum, will be to the velocity communicated by the ball 
to the block as the distance of the centre of oscillation from the 
axis of suspension, to the distance of the point of impact from 
the same : and hence the velocity of the ball becomes inferred, 
from the consideration that it and the pendulum have velocities 
inversely as their masses. Thus, the determination of the very 
great velocity of the ball, is made to flow from the measurement 
I of the arch described by the pendulum in consequence of the 

i blow struck. 

Several blocks of this kind, varying in weight from 600 lbs. 
up to about £5 cwt., were constructed and employed under the 
direction of Dr. Hutton, for the purpose of ascertaining the 
initial velocities, as well as the velocities at different distances 
from the mouth of the piece, of balls weighing from 1 to 6 
pounds. The minutiae of the construction, the requisite inves- 
tigations, the practical methods of determining the centres 
f of gravity and oscillation, and the arch of vibration, as well as 

I the ample detail of the doctor’s most valuable collection of ex- 

periments, may be seen in the £d and 3d vols. of his Tracts/^ 
published in 1812. 

In ISIS a ballistic pendulum weighing 7000 lbs. and serving 
for experiments upon the velocities of balls propelled from 
0, 12, and even 24 pounders, was constructed in the Royal 
I Arsenal, Woolwich : the frame work for the apparatus is built 

into the wall of a suitable edifice, in order to ensure accuracy 
and Stability^ The experimentswith an apparatus of this 
^ magnitude have already presented some curious and important 

' results, 

f! BARK-MILL, a mill constructed for the purpose of grinding 

and preparing bark, till it is fit for the use of a tanner. 

Bark-mills, like most other mills, are worked sometimes by 
) means of horses, at others by water, and at others by wind. 
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One of the best mills we have seen described for these nur- 
l^ses IS that invented by Mr. Bagnall of Worsley in Lancashire: 

nddle and pound it; but to beam, or work green hides and 
skins outof the mastering or drench, and make them ready for 
the ouse or bark liquor; to beam sheepskins and other 4ins 
tor the skinner s use ; and to scour and take off the bloom from 
tanned leather, when in the currying state. The nature and 

Pr* £»'> »'■ ''>" »ntri»n=. be 

nWrvrr^t^'^®!^ the three figures on the right-hand side of 
^ '^'''th the following description. 

^ ig. 1 . IS a horizontal plan of the mill. Fig. 2. longitudinal 
section of It. Fig. 3. transverse section of it. 

worked "'•ater-wheel, by which the whole machinery is 
By The shafts. 

c. The pit- wheel, which is fixed on the water-wheel shaft 
B, and turns the upright shaft e, by the wheel f, and works the 

cutters and hammer by tapets. “ worKsine 

F, Ihe crown-wheel, which works in the pit-wheel c. 
the stones I. 

p. The beam, with knives or cutters fixed at the end fr. 
chop or cut the bark ; which bark is to be put upon the ^rs 
or gr^ng on which the beam is to fall. 

Q, Ihe tryal that receives the bark from the cutters i and 
sSJ?toVl“*°?® hopper H, by which it descends through the 

shoe J to the stones I, where it is ground. ^ 

K, hiie spout, which receives the bark from the stones and 

Mnveys It into the tryal l ; which tryal is wired, to sift or dress 
the bark as it descends from the stones r. 

tryal l ^ the 

+1, hammer, to crush or bruise the bark that falls into 

SptL^dSt olf incline, so thattebaime? 

bS. ^ ^ lower side of the said dish, when 

the\yalT^^ ^i^^nngh 

<^hat works in the wheel n, which works 
the beam-kmfe by a crank v at the end of the shk T 

sta^ penetrating rod, which leads from the crank v to the 
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The shafts to wMeh the slide rods h^hf are fixed bj the 
starts, ^ '■ , ■■ ■' ■■■' 

A, The slide rods on which the knifej^ is fixed ; which knife 
is to work the hides, &c. On the knife are two springs a, a, to 
let it haye a little play as it makes its stroke backwards and for- 
wards, so that it may not scratch or damage the hides, &c. 

Is a catch in slide*rod /i, which catches on the arch-head 
and the said arch-head conveys the knife back without touching 
the hide, and then falls back to receive the catch again* 

I, The roller to take up the slide-rod /i, while the bides are 
shifting on the beam h by pulling at the handle m. 

The beam to work the hides, See. on* Each beam has 
four wheels p,j;, working in a trough road ^,^9 and removed 
by the levers c, c. When the knife has worked the hide, Sic* 
sufilciently in one part, the beam is then shifted by the lever c 
as far as is wanted. 

d, A press, at the upper end of the beam, to hold the bide 
fast on the beam while working. 

c, Anarch-head, on which the slide-rod 7e catches, 
y* The knife fixed on the slide-rod to work the hides, See* 
i, Cutters or grating to receive the bark for chopping. 

The beam p, with knives or cutters, may either be worked 
by tapers, as described, or by the bevil-wheel x, with a crank, as 
v, to cut the same as shears. 

The knife/' is fixed at the bottom of the start, which is fixed 
on the slide rod 7^ ; the bottom of the start is split open to admit 
the knife, the width of one foot ; the knife should have a 
gudgeon at each end, to fix in the open part of the start ; and 
the two springs a, a, prevent the knife from giving too much 
way when working ; the knife should be one foot long and four 
or five inclies broad. 

The arch-head e will shift nearer to, or further from, the beam 
/i, and will be fixed so as to carry the knife back as far as is 
wanted, or it may be taken away till wanted. 

The roller I is taken up by pulling at the handle which 
takes Up the slide-rod so high as to give head-room under the 
beam-knife. The handle may be hung upon a hook for that 
purpose. The slide-rod will keep running upon the roller all 
the time the hide is shifting; and when the hide is fixed, the 
knife is put on the beam again by letting it down by the handle 
There may be two or more knives at work on one beam at 
the same time, by having difierent slide-rods. There should be 
two beams, so that the workmen could be shifting one hide, &c- 
while the other was working. The beam must be flat, and a 
little on the slope. As to the breadth, it does not signify ; the 
broader it is the less shifting of the hides will be wanted, as the 
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lever c will shift them as far as the width of the hide, if required. 
Mr, Bagnall has formed a kind of press d, to let down, by a 
lever, to hold the hide fast on each side of the knife if required, 
so that it will suffer the knife to make its back stroke without 
pulling the hide up as it comes back. The slide-rod may he 
weighted, to cause the knife to lay stress on the hide, &c. ac- 
cording to the kind and condition of the goods to be worked. 

Hides and skins for the skinner’s use are w^orked in the same 
way as for the tanners. 

Scouring of tanned leather for the currier’s use will be done 
on the beam, the same as working green hides. It is only 
taking the knife away, and fixing a stone in the same manner as 
the knife by the said joint, and to have a brush fixed to go either 
before or after tiie stone. The leather will be better secured 
this way than by hand, and much sooner. 

The whole machinery may be worked by water, wind, steam, 
or any other power. And that part of die niachioery which 
relates to the beaming part of the hides may be fixed to any 
horse-bark-mill, or may be worked by a horse or other power 
separately. 

BAEKER’^S MinL is a kind of water-mill, invented by Dr. 
Barker, which without either wheel or trundle performs the 
operation of grinding corn. This mill is represented in fig. 8. 
pi IV. in which A is a pipe or channel that brings water from 
a reservoir to the upright tube. The water runs down the 
tube, and thence into the horizontal trunk c, which has equal 
arms; and, lastly, runs out through holes at and opening 
on contrary sides near the ends of those arms. These orifices 
£?, Cy have sliders fitted to them, so that their magnitude may 
be increased or diminished at pleasure. 

The upright spindle i> is fixt in the bottom of the trunk, and 
screwed to it below by the nut g ; and is fixt into the trunk by 
two cross bars at y*: so that, if the tube b and trunk c be turned 
round, the spindle D will be turned also. 

The top of the spindle goes square into the rynd of the upper 
mill-stone ii, as in common mills; and as the trunk, tube, and 
spindle turn round, the mill-stone is turned round thereby. The 
lower or quiescent mill-stone is represented by i ; and k is the 
floor on which it rests, in which is the hole l to let the meal run 
through, and fall down into a trough which may be about m. 
The hoop or case that goes round the mill-stone rests on the 
floor K, and supports the hopper, in the common way. The 
lower end of the spindle turns in a hole in the bridge-tree gf, 
which supports the mill-stone, tube, spindle, and trunk. This 
tree is moveable on a pin at A, and its other end is supported by 
an iron rod n fixed into it, the top of the rod going through 
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the first bradket and having a screw-nut £2 upon it, al>ove the 
bracket. By turning this nut forward or backward, the mill- 
stone is raised or lowered at pleasure. 

W B is kept full of water from the pipe a, and 

the water continues to run out from the ends of the trunk, the 
upper mill-stone h, together wutii the trunk, tube, and spindle, 
turn round: But if the holes in the trunk were stopt, no mo- 
tion would ensue; even though the tube and trunk were full of 
w^ater. For, if there were no liole in the trunk, tlie pressure 
of the water would be equal against all parts of its sides within. 
But when the water has free egress through the holes, its 
pressure there is entirely removed : and the pressure against 
the parts of the sides which are opposite to the boles turns the 
machine. 

Mr. James Eiimsey, an American gentleman, has rather im- 
proved this machine, by conveying the water from the reser- 
voir, not by a pipe as ADB, in great part of which the spindle 
turns, but by a pipe which descends from a, without the frame 
LN, till it reaches as low, or lower, than g ; and then to be con- 
veyed by a curvUinear neck and collar from a to g*, where it 
enters the arms, as is shown by the dotted lines at the lower 
part of the figure. A like improvement was made by M. 
Segner, a German, 

Most of the authors who have attempted to lay down the 
theory of this mill have fallen into error: the most ingenious 
theory we have yet seen is by Mr. Wm, Waring^ (given in the 
American Tranmct{mSyVi£/m*)\ which, with some such cor- 
rections as appeared necessary to adapt his rules to practical 
purposes, is nearly as follows : 

1. The first inquiry relates to the magnitude of the pipe 
which conveys the water from the reservoir to the centre of the 
horizontal tube ed, at g. To this end, let A=:the area of the 
orifice by which the water is admitted at g*; ft = the perpen- 
dicular height of the surface of the water in the reservoir above 
£^=:the vertical depth of any horizontal section of the pipe 
below the same surface; sr:the surface or area of the horir 
zontal section of the pipe, at the depth d Then since the 
areas in the several parts of the pipe snould be inversely as the 
velocities, and the velocities (art. 4S9, cor. vol, L) are in the 
subduplicate ratio of the depths below the head, those areas 
must be inversely in the subdupHcate ratio of the depths ; con- 
sequently, =: and szz A So that the pipe must 

have its bore increased from tbe level of g upwards in the ratio 
of r to -v/ — ; and if a section in any part be less than would 
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be assigned by this ratioj the water will be obstructed in its 
passage, 

% Of the initial force with which the machine commences its 
motion. If we conceive the water pressing in the tube from g" 
towards previous to the opening of the aperturej there will 
manifestly be no motion occasioned ; because the forces on the 
opposite sides of the tube balance each other, and the force 
against the end c is resisted by the fixed axle or if we con- 
sider both arms, it is balanced by the equal force acting upon 
the equal end at c?, in an opposite direction. But if one of the 
apertures, as d (its area being is opened, tlie pressure upon 
that portion of the tube is taken away, and the equal and oppo- 
site pressure upon an equal portion of the contrary side of the 
tube, having now nothing to keep it in equilibrio, tends to move 
the arm eg about the axis ng: in like manner when the aper- 
ture e (also =«) is opened, the pressure which was previously 
counterbalanced by the opposite pressure on the orifice e, now 
exerts its tendency to produce a rotatory motion about the axis 
Dg: so that, combining together the effects of both these un- 
balanced pressures, and considering that the pressure of water 
upon any point is proportional to the depth of that point below 
the upper surface of the fluid, we shall liave 9.alm^ for the force 
which causes the rotatory motion to commence; the values of a 
and h being taken in feet, and w representing 6^-| lbs. avoir- 
dupois, the weight of a cubic foot of water. But as the velocity 
of rotation increases, the pressure depending upon the relative 
velocities of the water and the sides of the tube diminishes, and 
consequently the power is diminished, notwithstanding what is 
gained by that which we now proceed to consider. 

3. The centrfugal force. This nnay be found in a similar 
manner to that which was adopted when considering the theory 
of the centrifugal pump (art 5S7, vol. I.). Thus, if besides the 
preceding notation we take / for the length of each arm 
i for the time of rotation, g for 3,^ feet, the measure of the 
force of gravity, and r for 3T4I593 ; since a is the section of 
the flowing water at right angles to its motion, we shall have, by 

proceeding as in the article just referred to, the length 

of a column of water, whose pressure is equal to the centrifugal 

force, or — 76’70625~ the weight of a column of water 

in lbs., which is equivalent to the centrifugal force of the fluid 
in both arms. And this is equivalent to "^the augmentation of 
power at the apertures, because fluids press equally in all di- 
rections. 
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4. 'The inertia of the JMid greatly couBteracts the effects of 
the centrifugal force. The inertia of the rotatory tube with the 
contained fluid would not continue to resist the moving power 
after the velocity became uniform, were the same fluid retained 
in it as was in it when the motion was first imparted: but as 
this passes off, and there is a continual succession of new matter 
acquiring a motion in the direction of the rotation, there must 
be a constant re-action against the sides of the tube, equal to the 
communicating force. Now this re-action is very different 
from that of a fluid confined in the tube, when it begins to 
move ; because a particle at the extremity of the tube is not to 
receive its whole circular motion there, but gradually acquires 
it by a uniform acceleration during its passage along the tube : 
so that we must here inquire what force will give to the quantity 

of water in the time ~ of its passing through its respective 

horizontal arm, the velocity in the direction of the aper- 
ture. Managing this according to the rules given for forces 
in the Dynamics, -we shall have x ■ n 19'68T8 

for the resistance in lbs. opposed to each arm, such resistance 

being estimated as if accumulated at the distance \l from the 
centre of motion. 

5. Acquired velocity of the water. According to the theory of 
Hydraulics, the velocity of water issuing through an aperture at 
the depth It below the upper surface of a reservoir is expressed 
by 8*0^08 aK which, when reduced, in conformity with the 
experiments of Bossut and others, becomes 5 Vh very nearly ; 
and this is the velocity of the water passing out of the tubes at 
the commencement of the rotation. Then, as Ai^ahw ) : 5 Vh 

: : V(2aAffi)+76-70625™) : 5 V(A + 38-35312 -^ ) = 5 

\/{k + *61365— the acquired velocity of the water. 

6. Ratio of the central force to the inertia. This will be as- 
certained by substituting for v in the expression 19'6878^ its 

value just found; so that we have 98*439'^ x -v/ (*61365 -f- 
for the inertia, while the centriftigal force is measured by 
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v'(*613654- -f-) :: or as 1 : 

4 . is the ratio of the power 

gained bj the centrifugal force to the obstruction arising from 
inertia. Whence it appears that the latter is greater than the 
former, except when 7^=0, or 7~oo, cases never occur- 
ring in practice; and that the longer the armS) the less the fall 
of water, and the greater the velocity of rotation, the nearer 
these forces approach to the ratio of equality. 

6 . A^ustmeni of the parts and motion. Here it must be par- 
ticularly observed, that the centrifugal force should not exceed 
the gravity of the water revolving in the arms gd^ ge : for in 
that case the water would be drawn into the tube faster than it 
could be naturally supplied at its entrance, by the velocity 
proper to that depth, and of consequence a vacuum must be 
occasioned : nor should the velocity of the apertures be greater 
than half that of the water through them; for the apertures 
being still adapted in point of magnitude to the velocity, the 
effluent quantity or number of acting particles is as the time, 
the momentum is in the simple ratio of the relative velocity, and 
therefore (art. 47^, cor. S, vol. I.) the greatest effect will be 
produced when the velocity of the apertures is equal to half that 
due to the head of water. These two conditions expressed 
algebraically will furnish the equations, 

76-70625 ~ = ga/ze. . . . . V{h-{-l ) : 

from which equations we deduce the following, 

{ hz= 9-29345Z =: 15-144!6i» 

I =z IMdGt- ~ -10l6h 
i = v'-61365Z = V-06603//. 

Whence it appears that 7», 7, and are nearly in the constant 
ratio of 15,9|r, and 1. 

StUl it should be observed that while I and t are preserved 

in a constant ratio, the values of 76‘70625 and of lg’273-^" 

i. e. of the central force and of the inertia, must remain the 
same : so that the brachia may be made of any length at plea- 
sure (not less than •10767i) if the time of revolution he taken 
in a corresponding proportion, or so that the velocity of the 
apertures undergo no variation, which will be ensured by 
making ifr: V 613657:^ for a double or triple radius, revolving 
in a double or triple time, or with half or a third the angular 
Telocity, has the same absolute velocity at the extremity ; and. 
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with the same power there applied, will produce the sameeifect. 
Hence, 

7. The momngjhrce and velocity of the machine^ when the 
effect is a maximum^ may be found. For, if we put *61365? for 

P, and 9*£9345? for h in the expression V (1 + it 

becomes V (1 ; in which case the resistance of inertia is 

just double the central force, or the gravity of the water in the 
tube=125r4 which taken from the impelling force leaves 6^*5 
[ah -f. /) — Igoa? = 6S’5a (/i~?) = 55'775ak lbs. avoirdupois 
= the real^ moving force, at the distance of the centres of the 
apertures from the centre of motion, I being taken = *10764. 
And by a like substitution the velocity (h 4 ?), becomes 
4 a/( M0764=2-63205 v'4) feet per second. 

8. Area of the apertures. If a == the area of a section of 
the race perpendicular to the direction of its motion, v = its 
velocity per second, both in feet, a and h as before ; then it 

will be Av = lOfi (4 + ’61365-^) cubic feet = the quan- 
tity of water emitted per second, by both apertures: hence a=: 

U-^2ivh ^ 7i — proper for one of the aper- 

tures. 

From the preceding investigation we may deduce the follow- 
ing 

EASY PRACTICAL RULES. 

1* Make each arm of the horizontal tube, from the centre of 
motion to the centre of the aperture, of any convenient length, 
not less than ^ of the perpendicular height of the water’s surface 
above these centres. 

2. Multiply the length of the arm in feet, by *61365, and 
take the square root of the product for the proper time of a re- 
volution in seconds ; and adapt the other parts of the machinery 
to this velocity : or, 

3. If the time of a revolution be given, multiply the square 
of this time by 1 *6296 for the proportional length of the arm in 

feet.'.,': 

4. Multiply together the breadth, depth, and velocity, per 
second of the race, and divide the last product by 14‘27 tunes 
the square root of the height, for the area of either aperture ; ‘ 
or, multiply the continual product of the breadth, depth, and 
velocity, of the race, by the square root of the height, and by the 
decimal *07 ; the last |)roduct, divided by the height, will give 
the area of tlie aperture. 
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& Multiply the area of either aperture by the height of the 
head of water, and the product by 55*775 (or 561bs.), for the 
movint^ force, estimated at the centres of the apertures in pounds 
avoirdupois, 

6. The power and velocity at the apertures may be easily re- 
duced to any part of the machinery, by obvious rules* 

BAROMETER, a well-known instrument for measuring the 
■weight or pressure of the atmosphere, and the variations that 
happen therein, in order to indicate the changes in the weather, 
or toe changes in vertical distance from any point upon the 
earthy's surface. 

We shall here describe a few of the most useful constructions 
of the barometer, and shall begin with 

The Common Barometer. This is represented at fig. 1. plate 
VII. such as it was invented by Torricelli, ab is a glass tube, 
of or 4-, or i inch wide, the more the better, and about 84 
inches long, being close at the top a, and the open end B im- 
mersed ilia basin of quicksilver cd, which is the better the 
wider it is. To fill this, or any other barometer, take a clean 
new glass tube, of the dimensions as above, and pour into it well- 
purified quicksilver, with a small funnel either of glass or paper, 
in a fine continued stream, till it wants about half an inch or an 
inch of being full ; then, stopping it close with the finger, invert 
it slowly, and the air in the empty part will ascend gradually to 
the other end, collecting into itself such other small air bubbles 
as unavoidably get into the tube and mix with the mercury, 
in filling it with the funnel: and thus continue to invert it se- 
veral times, turning the two ends alternately upwards, till all 
the air bubbles are collected, and brought up to the open end 
of the tube, and till the part filled shall appear, without speck, 
like a fine polished steel rod. This done, pour a little more 
quicksilver, to fill the empty part quite full, and so exclude all 
air from the tube : then, stopping the orifice again with the 
finger, invert the tube, and immerse the finger and end, thus 
stopped, into a basin of like purified quicksilver. In this 
position withdraw the finger ; so shall the mercury descend in 
the tube to some place, as h, between 28 and 81 inches above 
that in the basin at F, as these are the limits between which 
it usually stands in this country on the common surface of the 
earth. ^ Then measure, from the surface of the quicksilver in 
the basin at F, 28 inches to k, and 81 inches to l, dividing the 
space between them into inches and tenths, which are marked 
on a scale placed against the side of the tube ; and the tenths 
ate subdivided into hundredth parts of an inch by a sliding 
index carrying a vernier or nonius. These 3 inches, between 
28 and 31, so divided, will answer for all the ordinary purposes 


of a stationary or chamber barometer; but for experiments on 
altitudes and depths it is proper to have the divisions carried on 
a little higher up, and a great deal lower down. In the proper 
filling and otherwise fitting up of the barometer, several circum- 
stances are to be carefully noted ; as, that the lx)re of the tube 
be pretty wide, to allow the freer motion of the quicksilver, 
without being impeded by an adhesion to the sides ; that the 
basin below it be also tolerably lar^ in order that the surface 
of the mercury at f may not sensibly rise or fall with that in the 
tube ; that the bottom of the tube be cut off rather obliquely, 
so that when it rests on the bottom of the basin there may be a 
free passage for the quicksilver ; and that, to have the quick- 
silver very pure, it is best to boil it in the tul^, which will 
expel all the air from it. This barometer is commonly fitted 
up in a neat mahogany case, together with a thermometer and 
hygrometer, 

% As the scale of variation is small in the common baro- 
meter, being not more than 3 inches, several contrivances have 
been devised to enlarge the scale, or to render the motion of 
the quicksilver more perceptible. Among the best of these is 
that known by the name of Diagonal Barometer ^ represented 
in fig. where aec is a tube hermetically sealed at c, and 
immersed in a basin of mercury at a. This tube is per- 
pendieular from a to b, where the scale of variation begins, 
but is there bent into the form bc, making an acute angle fbc. 
This part bc extends to the highest limit in the scale of varia- 
tion, viz. jc ; and consequently while the mercury rises from k 
to I, in the common barometer, it will move in this from B to 
c, enlarging the scale of variation in the proportion of bc to 
FB; that is, of the diagonal to the least side of the parallelo- 
gram. 

But this barometer is attended with one great inconvenience, 
which lessens its utility. Quicksilver being a very heavy body, 
and supported on the part bc, forming an inclined plane, it 
must have a very consiaerable degree of friction, which will be 
increased in proportion as the part BC is more oblique ; and 
consequently the very small and nice variation of the airis 
pressure cannot be so accurately indicated in this as in the 
common form. It also very often happens, from the inclina- 
tion of the part bc, that the quicksilver divides into several 
parts, and thence frequently requires the trouble of re-filling 
the tube. This barometer was invented by Sir Samuel More- 
land. 

3. Cassini invented another kind of barometer, in order to 
enlarge the scale of variation ; an invention which was after- 
wards completed bv M. John Bernoulli* It cxmsists of a tube 

■■■ 1 % 
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ActJF (fig. 3.) liencnetically sealed at a, and bent to a right 
angle at d ; whence it has acquired the name of the horizontal 
rectangular barometer. The mercury stands in both the legs 
from E to B ; the scale of variation from a to c is made in a 
larger part ; and it is evident, that in moving three inches from 
A to c it will move through so many times three inches in the 
small leg df as the bore of df is less than the bore of ac; 
whence the motion of the oiercury at e must be extremely sensi- 
ble. But the inconvenience here too is, that the mercury is 
very apt to break off in the leg e, as well as to run out at the end 
E. Here is also a great degree of friction, and at the same time 
the attraction of cohesion will, from the smallness of the bore i>F, 
impede the free motion of the mercury. 

4. The Pendant Barometer h made in another form, consisting 
of a single tube suspended by a string fastened to the end a 
(fig. 4.) This tube is of a conical or tapering form, the end a 
being a little less than that at b. It is hermetically sealed at a, 
and filled with mercury: then will the mercury sink to its com- 
mon station, and admit a length of altitude cn, the same with 
that in the common barometers. But, from the conical bore of 
the tube, the mercury will descend as the air becomes lighter, 
till it reaches its lowest altitude, when the mercury will stand 
from the lowest part of the tube b to e ; so that be=28 inches : 
and consequently the mercury will, in such a tube, move from 
A to E, or 3£ inches, if the tube be five feet long ; so that the 
scale AE may here be made more than 10 times greater than 
that of the common barometer. The inconvenience attending 
this barometer is, that as the tube must be made of a very 
small bore, to prevent the mercury from falling out by an acci- 
dental shake, the frietion and adhesion to the sides of the tube 
prevent t^t freedom of motion necessary to show a very small 
variation in the weight of the air. 

5. Mr. Rowning had several contrivances for enlarging the 

scale, and that in any proportion whatever. One of these is 
described in No. 4£7. Phil. Trans, and has now obtained the 
name of Rawning's Barometer: it is represented at fig. 5. where 
ABC is a compound tube, hermetically sealed at a, and open at 
c; empty from a to n, filled with mercury from thence to B, 
and thence to e with water. Here, by varying the proportions 
01 the two tubes ap and pc, the scale of variation may be changed 
many degree. ^ 

^ Wheel Barometer was invented about 1668, 
and IS likewise intended to render the alterations in the state of 
the air more perceptible. Here the barometer tube has a large 
ball AB at the top (%. 9. pi. VII.), and;.is bent up at the lower 
or open end, where an iron ball, o, floats on the top of the 
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mercury in the tube, to which is connected another ball, h, by 
a cord, hanging freely over a pulley, turning an index kl about 
its centre. When the mercury rises in the part fg it raises the 
ball, and the other ball descends and turns the pulley with the 
index round a graduated circle from n towards m and p; and 
the contrary way when the quicksilver and the ball sink in the 
bent part of the tube. He^ice the scale is easily enlarged ten or 
twelve fold, being increased in proportion as the length of the 
index exceeds the radius of the pulley. But then the friction 
of the pulley and axis greatly obstructs the free motion of the 
quicksilver. Contrivances to lessen the friction are described 
in Phil. Trans, vol. 5£ and 60. In IN icholson'^s Journal, No. 
9. New Series, the Rev, James Wilson has described a method 
of increasing the sensibility of the barometer, ad libitum^ 
which is very ingenious ; but need not be inserted here : for 
this, and all contrivances, having the same end in view, are not 
superior, but often inferior, to the common barometer, for 
all philosophical purposes ; and that for a reason which admits 
of no reply. Their scale must be determined in all its parts 
by that of the common barometer; and, therefore, not with., 
standing their great range, they are susceptible of no greater 
accuracy than that with which the common barometer can be 
observed and measured. And besides this, these compound 
barometers have an. additional source of error, in the action of 
cohesion, the operation of friction, &c. So that, except per- 
haps for mere chamber purposes, the common construction of 
the barometer, with a nonius applied to its scale, is greatly pre- 
ferable; and our attention should be entirely directed to its 
improvement and portability. 

7. This leads us to speak of the construction of a Portable 
Barometer j which may be carried from one place to another 
without being rendered unfit for use; and is, therefore, ready 
to be adopted at all times in the mensuration of altitudes, &c. 
In this barometer the end of the tube is tied up in a leathern 
bag, not quite full of mercury, which being pressed by the air, 
forces the mercury into the tube, and keeps it suspended at its 
height. This bag is usually enclosed in a box, through the 
bottom of which passes a screw, by whose means the mercury 
may be forced up to the top of the tube, and prevented from 
breaking it by dashing against the top when the instrument is 
removed from one station to another. Mr. Patrick was,, we 
believe, the first who made a contrivance of this kind ; but the 
portable barometer has received various improvements since by 
M. de Luc, Sir Geo. Shiickburgh, Gen. Roy, Mr. Ramsden, 
and others. Fig. 8. pL VIL represents this instrument as en- 
closed in its mahogany case by means of three metallic rings 
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4 TMs mm is a Wlow w diaped wit!™ as 
to contain the body of* the baronieter, and is diyided into three 
branches frooi a to f, forming three legs or supports for the in- 
strument when observations are making, and sustaining it at 
the part g of the case; by an improved kind of gimbals as it 
appears in fig. 6. in which its own weight renders it sufficiently 
steady at any time. In the part of the frame ag, where the 
t^rometer tube aj^ars^ a long slit or opening is made, so that 
lb© wluinn of merciny may be seen a^nst me ligbt, and the 
vwnier jnece, % brought down to coincide very nicely with the 
the mmsu^. When tl^ instnimani is fixed in its 
stMidy the screw jf is to be tura^ to let the mercury down to 
ito position, and a peg af p must be loosened, in order 

that the external air may he admitted to act upon the mercury 
obtained in the box 6. The proper adjustment or mode of 
c^serving the zero or 0 division of the column of mercury is by 
o^r^ang it in the transparent part of the box 6, which has a 
glass re^rvoir for the quicksilver, and an edged piece of metal 
attached to the external part of it ; with the edge of which the 
mercury is to be brought into contact, by turning the screw /* 
to the right or left, as occasion requires. The vernier piece at 
^ which determines the altitude of the mercurial column, is 
first brought down by the hand to a near ojmtact, and then 
^rately adjusted by turning the screw k at the top. The 
divisions annexed to the tube of this instrument may be of any 
kii^, or of any degree of minuteness, according to the purpoi 
It IS intended to serve. To accommodate it to the use of fo- 
mmers as wdl as the English, there are commonly added 
sedes of both French and English inches, with the requisite 
sibdmaims. It is usual to place the French scale of inches 
<Ki the side at off from 19 to 31 inches, measured from the 
mercury in the box b ; each inch being 
^ided into lines or 12th parts, and each line subdivided by 
the veniim: into 10th parts : so that the length of the mercurial 
TOlumn may he detennined to the ISOtb part of a French inch. 

Snf • the instru- 

these again into 

by means of the vernier; thus measuring to 500ths 
the divisions on the vernier scale are 
™ that the measures 
parts of an inch, for the con- 

veuience of calculation. 

To this instrument a thermometer is always attached, as a 

5®’"^ fastened to the body at c, and sunk 
^the surfa^ of the frame to preserve it from injury : the de- 
greesof this thermometer are generally marked so as to indicate 
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the divisions both of Fahrenhdfs and of Reaumur’s scale. 
(See Thermometer.) Also on the right hand of these two 
scales is a third, called scale of c&rrectimy with the words add 
and subtract marked ; thus serving to show the necessary cor- 
rection of the observed altitude of the mercury, at any given 
temperature of the air indicated by the thermometer^ 

A very considerable ioiprovement in the construction of the 
portable barometer has l>een made by Sir H. C. Englefield. in 
his construction, lightness, firmness, and ease of application, are 
blended. The barometer tube is about 33| inches in length ; 
its bore one tenth of an inch in diameter, and the external 
diameter three tenths of an inch. The cistern is of box, per- 
fectly cylindrical, an inch in its internal diameter, and an inch 
in depth. A short stem projects from its top (when in the po- 
sition for observations), to give a firmer hold to the tube. This 
stem has a perforation sufficiently large to admit the tube, 
which is glued to it in the usual way. The tube reaches to 
the middle of the depth of the cylinder, the bottom of which is 
closed by a screw-cap and leather. This tube being filled and 
boiled in the common way, and the instrument held inverted in 
a perpendicular position, mercury is poured into the cistern till 
it is filled within a fifth of an inch of the top : then the lid is 
firmly screwed on, and secured from being opened by a small 
screw passing through its side. The end of the tube in the 
cistern can never be uncovered by the mercury in any possible 
position, and of course no air can ever enter it ; and since the 
areas of the cistern and the tube are as the squares of the dia- 
meters, it may easily be shown that the mercury must fall 18|- 
inches before the cistern is quite full, a space more than adequate 
to the measure of the highest mountains on the earth. When 
this barometer is set upright the atmosphere acts upon it through 
the pores of the wood. The variations of altitude in this in- 
strument, when the dimensions are as above stated, will be one 
ninety-first part less than in a barometer furnished with an ap- 
paratus for bringing the surface of the mercury in the cistern to 
a fixed level : this defect might be remedied by a correspond- 
ent division of the scale; but it is much more convenient to 
divide the scale to real inches, and make the necessary allow- 
ance in the result. This barometer is mounted in a mahogany 
tube of the size of a walking-stick, and has attached and de- 
tached thermometers. 

For the observation of the height of the mercury, two oppo- 
site slits are cut in the malioganj tube, reaching from about 32 
to 20 inches, for the longer scales, or from S2 to 25 for such 
as are intended to be used in this country. The front slit has 
its sides bevelled, and is exteriorly about of an inch wide; 
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having a bras.? plate fixed on one side, divided 
inches, tenths, and twentieths. On this plate s 
moveable by a small knob, which reads off, as ii 
meters, to the 500th of an inch : to this noni.,. 


c,v,ol] *• ‘-'.o - lu IIJIS nonius IS attaclied a 

tXi If of ^ass tulle, which embraces the barometer 
tube , Its lower edge beingin observation made a tano'ent to the 

mercury, as in other well-constructed 
larometers, and the very narrow slit behind fiimiohos 


fiv^Tifn^o®’ K P’-oi?oses to make an observation, about 

P’^oe he takes out the de- 
SheiiSf "’“Tf" of mahogany 

Sbodv ^ongth from 

_ the sun shine?j in the shade of his person' it 

St^K tmnprature of the air, and is not ensibly 

f ht J’oat being observed 3 

Witten down, the barometer is turned up, the brass tube half 

ft 1 ^ofrompt held between the finger and thum^ 

St IS 'S “■ r’"'*' “ “ '“"S freely in . 

vertical position. Since few persons, if any, have sufficient 

steadiness of hpd to prevent little vibrations in the mercury in 

bidy^'f f’n?! should^ hpithp rested against any fixed 

tem^hrndfhfl ?? ’'y^'oo^Img onone knee; the cis- 

tem should be let down so as to touch the ground, the left band 

ticitdi Tu position, which a little prac- 

£b I S m«st then be moved by the 

off .nJ igi,.e4d,tg.“h2 S Jtf HtaS t 

ti “TV 

about two minutes. ^ inverted, and the whole is finished in 

may L^ScS^rom altitude 

oivL “ u observations, since these have been 

K enffraveT”^ furnishes a table which indeed 

IS engraven on the barometer, that will enable a travJwT 

SCtt tmh reSs no“ deS ing 

b33er mav td observations with a singlf 

his mPtJin^ f ^ “ jP results; and states 

detailed. The JSSffh’if however, need not here be 




than- by any further details here. The ruks* for" their u$6 in 
the ascertaining of altitudes may be learnt by turning to the 
theoretic part of this work ; book iv, ' . 

BEAM COMPASSES. See Compasses. 

B EE R-brawing MACHINES are contrivances by means of 
which the beer is drawn from three or four casks at once, from 
cocks standing in one frame, in the bar of a tavern, or any con- 
venient place above a cellar. These machines are nothing else 
than an assemblage of small pumps, either sucking or forcing, 
whose pipes of communication are attached to the lower parts 
of the respective casks from which the liquor is drawn. The 
motion is given to the piston sometimes by levers, at others by 
cranks; most frequently, we believe, by means of a hammer- 
formed lever moving in a vertical plane. 

BELLOWS, an instrument constructed for the purpose of 
alternately drawing and expelling air. In the common culinary 
bellows the air rushes in at a hole or holes in the bottom, 
called feeders, over which is a flapping valve, and is expelled 
through a conical pipe called the nozzle, by means of a kind of 
mechanism which is too well known to need any description 
here. 

It is not the impulsive force of the blast that is wanted in 
most cases, but merely the copious suppl}^ of air, to produce the 
rapid combustion of inflammable matter; and the service would. 
In general, be better performed if this could be done with mo- 
derate velocities and an extended surface. What are called 
air-furnaces, where a considerable surface of Inflamnaable matter 
is acted on at once by the current which the mere beat of the 
expended air has produced, are found more operative, in pro- 
portion to the air expended, than blast-furnaces animated by 
bellows. There is, indeed, a great impulsive force required in 
some cases;, as, for blowing off the scoriae from the surface of 
silver or copper in refining furnaces, or for keeping a clear pas- 
sage for the air in gi'eat iron furnaces. But in general we can- 
not procure this abundant supply of air in any other way than 
by giving it a great velocity by means of a great pressure or im- 
pulse; the air is admitted into a very large cavity, and then 
ibrcibly expelled from it through a small orifice. 

The method of producing a continual blast by a centrifugal 
force has been long known, being mentioned by Agricola ^ de 
Re MetallkayYih, 6. p. 62. But the first bellows acting upon 
this principle, of which we recollect a distinct account amongst 
the moderns, is that invented by M. Teral, in 1729? and de- 
scribed in the lleciieil des Machmes approitvtes par VAca- 
demie Roy. des ScienceSy tome 5. This machine is represented 
in fig. 7. pi. V HI. where ab is a cubical box, with a top rather 
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anfeed : to tliis box ie adapted a hollow pyramidal frustum c 
at the extremity of which is the tube or nozzle d; the capacity 
ot the pyramid not being separated from that of the box. This 
tex contmns an arlw or shaft canning vanes, as gf, posited 
honzontally, pd which are here placed, as it were, out of the 
TOX, that their shape and number may be seen. The ends of 
the artor run in a proper collar on each side of the box, and 
one end, as f, passes through the ade of the box, and carries a 
pulley : over this pulley passes a cord or band, which also runs 
part of a wheel hi, atuated at some distance from the 
bellows and which is turned by the handle m. Thus it will be 
inaBiiest, that as this handle turns the wheel m, it wilL by 
n^ns of fhe band, turn the pulley f and the arbor and vanes- 
with a velocity which will be to that of the wheel as the radius 
of the whed to that of the pulley. Hence the greater the 
diameta- of the wheel, and the less that of the pulley, the more 

enters by small holes M, 
nto the top of the box) be dnven by the vanes, and compressed 
mto the truncated pwamid c, and thence expelled at n, in a 
wntinu^ blast; which will likewise be the mord violent the 
^eater toe action at the handle m. This machine, being very 
simple, is easi y constructed, and at a small expense. ^ 

1 furnishing a uniform blast, is described in 

JSriifaranwrt, as below: 
whi .’‘® ‘deliver its air into another cylinder, 

wteh has a piston exactly fitted to its bore, and loaded with a 
suflScient weight. The blowing cylinder abcd (fig. 8, pi. VII1 1 
l^.its piston F woriced by a rod np, connected by double 
chains with the arched head of the working beam ncJ moving 
^nd a gudgeon at R. ^The other end o of this beamTs Tn! 

^ wheel-machine ; or 

« may be connect^ with the pston of a steam-engine, &c. &c. 

Jinini^Tf ^ ^ « its bottom, 

owning inwards. There proceeds from it a large pipe cf 

cylinder ghki, and haf a ?afve at 
getting back into the blowing cy- 
r^se if f evident that the air forced into this cylinder mukt 
raise Its piston l, and that it must afterwards descend, while toe 

chine ^ ^ the ma- 

strie^f toi ^® *he end of every 

Mroke, It the tuyere t emits as much air as toe cylinder ibcd 

furaishes; nay, it will lie a while at the bottomry S 

raTmer«mf’^Tl T. This would make 

an interrupted blast. To prevent this, the orifice t must be 
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lessened ; but then there will be a surplus of air at the end of 
each stroke, and the piston l will ri^ continually, and at last 
get to the top, and allow air to escape* It is just possible t© 
adjust circumstances, so that neither shall happen. This is 
done easier by putting a stop in the way of the piston, and put- 
ting a valve on the piston, or on the conducting pipe kst, loMed 
with a weight a little superior to the intended elasticity of the 
air in the cylinder. Therefore, when the piston is prevented 
by the stop from rising, the shifting valve, as it is called, is 
forced open, the superfluous air escapes, and the blast preserves 
its uniformity. 

The Hydraulic Far^e Bellows, of Mr, J, C. Hornblower, is 
a very ingenious contiivance, and is therefore described here, 
This invention is shown in plate V- 

A the plunger, or working part of the bellows, 18 inches 
square within, which receives the air by a valve in the hinder 
part opening inwards, which at the stroke by the rockstaffm 
throws it down the tube indicated by the dotted lines, which 
has a valve opening into the reservoir n, wlience it is led to the 
tuyere by the pipe p. Length of the plunger 20 inches, stroke 
nine inches. Diameter of p three inches ; of the nozzle 0*6. 

The whole is placed in a pit or cistern, having water suf- 
ficient to rise to tne lower end of the tube where the valve hangs ; 
this tube is the only communication between the upper part and 
the reservoir d : when as much water is poured in round the 
working part, over the wash-boards, as will rise within five 
inches of the upper edge of them, the fe^llows is ready for use- 
The little frame-work serves to keep it ftom rising, and affords 
a convenient support for the balance and the rockstaff. The 
area of the pit or cistern ought to be at least twice as much as 
thatof the plunger A. 

Mr. Hornblower mentions a very striking difference between 
the effect of this bellows and a cximmon leathered S04nch bel- 
lows in the same shop. The leathered bellows throws consider- 
ably more air to the fire, and its nozzle compared with this is as 
*73 to ‘60 in diameter, but it does not produce so great an effect 
in bringing on the heat, and the noise of this is so great as al- 
most to drown that of the common one. The only difference 
in other respects is, that in the hydraulic bellows the pipe goes 
under ground for about eight feet, and the conducting pipe of 
the other comes down about the same distance from the shop 
above. 

When bellows are made more th?n ustially large, for exten- 
sive furnaces, 4hey have been frequently worked by water- 
wheels. But iron furnaces have, of late, been constructed of 
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su^ magnitude, that no leather bellows could be made suf- 
ficiently capacious ; and hence large forcing pumps have often 
been substituted for them. One of the blowing engines used 
at the Carron iron works, and constructed by the celebrated 
Smeaton, is described, with an illustrative plate, in the second 
volume of the Pantologia, to which the reader must be re- 
ferred. 

. The blowing machine recently erected at the smithery in his 
Majesty’s Do^-yard, Woolwich, if not the most powerful, is 
perhaps one of the most perfect in the kingdom, and is de- 
serving of particular attention : it is adequate to the supply 

air for forty forge fires, amongst which are several for the 
forging anchors, iron knees, and many other heavy pieces of 
smithery. 

This machine is represented in plate XLI. fig. 1, being a 
perspective view of the engine, and fig. S, 3, and 4, elevations 
pd sections of the blowing cylinders. The part seen in fig. 1. 
IS only that which appears above the level of the floor. The 
other part is below, and may be seen in fig. 2 , 3, and 4. 

The length of the cylinders is five feet five inches, of which 
two feet four inches Eppear Ebove the floor; the interior clia- 
meter of each cylinder is four feet eight inches, and the length 
of the stroke is also four feet eight inches ; which is repeated 
in ^ch of the three cylinders a, b, e, twenty times per ininutcv 
which corresponds to an expulsion of nearly 5000 cubic feet of 
air per minute. The fourth cylinder b is used only to regu- 
late the pressure, as will be explained below. 

The manner of communicating motion to the piston rods 
will be seen in the plate; this motion being so contrived, that 
while one piston rod is at its highest point, another is half way 
down, or up, and the other quite down. A large iron wind 
chest, twenty-two feet five inches in length, is placed on proper 
stone ^pports or pillars in the cellar below, and upon this are 
fixed the four cylinders a, b, c, b, the latter being open to the 
chest at its bottom, but the others are closed. From this chest, 
under the cylinder c, proceeds the main eduction pipe, shown 
in the elevations fig. S and 4, and from this branch pipes pro- 
ceed to the several forges, each pipe near the forge being fur- 
nished with a cock, so that the blast may be turned on or ofi^ at 
pleasure. 

In fig. 3, above referred to, will be seen a short cylinder be- 
hind the eduction pipe, in which is a valve, shown more parti- 
cularly in fig. 2 , where the section is made to pass through the 
axis both of the valve cylinder and blowing cylinder; the for- 
mer elevation being at right angles to the principal axis of the 
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machine, and that in fig. 4, parallel to the same, neither of which 
therefore embrace tiie valve cylinder, which is placed somewhat 
on one side. 

On the principal axis, fig. 1, are seen three eccentric wheels, 
furnished with iron straps, fig. S, which are connected with the 
lever under the wind chest, seen at fig. 3, at e; and these 
wheels are so arranged, in respect to the corresponding crank, 
that when the piston of any cylinder is either above or below, 
the lever, fig. 3, is horizontal, and the valve a then exactly 
closes the hole /^, fig- When the piston in this figure be- 
gins to ascend, the end e of the lever, fig. 3, continues to 
ascend also, and the other end f descends ; and being connected 
with the valve rod at g, fig. this also descends, and thereby 
opens a communication between the interior of the cylinder and 
the atmosphere, which former thus receives a fresh supply of 
air. This valve continues to descend till the piston is half way 
up; it then begins to ascend till the piston is at its highest 
point, when the valve has again exactly the position shown in 
the figure. The piston now descends, but the valve rod still 
continues to ascend, and thereby opens a communication be- 
tween the cylinder and wind chest, into which latter the air is 
forced by the action of the piston. When this latter is half 
way down, the valve rod has reached its highest point, and 
then continues to descend with the piston till the latter is down, 
when the hole /i is again covered with the valve, and the whole is 
situated, as at first, to have the process again repeated, as above 
described. By these means the cylinders are successively opened 
to the atmosphere, and then to the wind chest, and a constant 
influx of air is produced. To preserve a steady action in the 
valve I'ods, they are made to pass through guards level with 
the floor, as shown in fig. I and 2. The cylinder n has no 
bottom, being open to the wind chest, and its piston, which 
weighs TOO lbs. serves only to regulate the pressure, which 
amounts to about ^ lb. per square inch. When the pressure 
exceeds this, the piston rises, and opens a safety valve con- 
nected with this cylinder at the back, not seen in our drawing, 
but the operation of w^hich will be easily conceived. 

The form of the bottom of the cylinder, shown in fig. % is 

E eculiar only to that particular section ; the other part of the 
ottom is perfectly flat : its purpose is obviously to furnish a 
communication with the valve cylinder. (Encyclopedia Me* 
tropolitana.') 

Bellows, o?* blowing engine by water, A machine o£ this 
kind, in which the stream of air is supplied by the flowing of 
water, has been long employed at the iron works of Poullaouen 
in France. The shower of water, in its descent through the 
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vertical pipe of the machine, carries down a mass of air along 
with it (upon the principle of the lateral adhesion of fluids), in 
the same manner as a shower of rain on the flat surface of the 
sea produces that temporary blast of wind which the seamen 
term a squall Its effects in producing a blast of air are infe- 
rior to that of the steam engine ; but in situations which afford 
a plentiful supply and a sufficient fall of water, it may fre- 
quently be employed with advantage. 

BLOCK The machine]^ for manufacturing 

ships’ blocks in the royal dock-yard at Portsmouth, invented 
bj Mr. Brunei, is greatly and deservedly celebrated. A con- 
cise account of it is, therefore, here given. 

The machines devoted to this purpose have been separated 
into four classes. L The sawing machine, for converting the 
large timber into proper dimensions for the small machines to 
operate upon. Those machines which are employed in 
forming the sheaves, S. Those which form the iron pins for 
the blocks. 4. Those by which the shells of the blocks are 
manufactured. They are all worked by means of two steam 
engines, each of thirty-horse power. Either of these can be 
applied indifferently to work the chain pumps, or for turning 
die wood-mill ; and their power is transmii ted by a train of 
wheel-work, to a horizontal shaft, extending alorig the centre of 
tim middle Wilding, very near its roof. Upon this are a num- 
ber of wheels and drums, which, by endless ropes and straps, 
communicate motion to the several subordinate machines. 

The order of the processes is this. The elm trees are first 
cut into short lengths, proper to form the various sizes of 
blocks, by two large sawing machines, one a redprocaimg^ the 
other zeitculBr saw. These lengths of the trees are next cut 
into squares, and ripped or split up into proper sizes by four 
sowing benches with circular saws^ and one very large recipro- 
cating saw, which is employed for cutting up the pieces for 
very large blocks. 

The scantlings, thus prepared for the blocks, are perforated 
in three boring mmhines^ with a hole through each to contain 
the centre pin for the sheaves of the block, and as many other 
holes in a dii^ction perpendicular to the former, as the number 
sheaves it is to have ; these holes being intended as the com- 
mencement of the several mortises to contain the sheaves. 

The blocks are next mortised in three mortising engines^ 
which elongate the holes abovemen tioned to their proper di- 
mensions. Here the motion of the sliding frame for the chisels 
is communicated to it by means of a long working beam or lever, 
extendii^ the whole imgth of the frame at the top of it. At 
me eiid it is united by a connecting rod with the chisel frame ; 
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and at the other it is fixed to an axis, wl^h is supported by the 
framing, and which forms its centre of motion. A connecting 
rod is joined to it in the middle of the beam; the lower end of 
which is worked by a crank, formed in the middle of the main 
axis, which is situated in a direction perpendicular to that which 
we have described, and is supported in the fhiming. It is pro- 
vided with a cone for casting off the movement The engine 
with the beam acts with surprising rapidity, making upwards of 
400 strokes per minute, at every one of which it cuts out a chip 
from each mortise as thick as pasteboard. Its movement is, 
indeed, so rapid, that the chisels cannot be distinctly seen when 
it is at work ; so that the mortises seem to lengthen, and chips 
to fall out, without any evident cause. 

The angles of the blocks are next cut oiBFby three circular 
saws, as preparatory to reducing them to the elliptical figure. 

The outside surfaces of the block are then formed to their 
true figure by three shaping etigtnes^ each of which forms every 
part of ten blocks simultaneoudy. 

The scores, or grooves, round the block are next formed, to 
receive the rope or strap by which they are suspended : this is 
eWecteihy two scoring engines. 

Then the blocks are trimmed by manual labour, to smooth 
and polish them. 

In order to make the sheaves, the first process is cutting 
pieces or flakes off the end of the trees of lignum vitae, of a 
suitable thickness to form the sheaves. This is accomplished 
by a reciprocating and two circular saws. These flakes are 
made circular, and the centres pierced in two rounding and 
centering machines, or trepan saw. 

A hole is next excavated in the centre of each sheave, to 
inlay the coak or piece of bell metal, which is fitted into the 
centre of each sheave, to form a socket for the centre pin. The 
centre holes through the coaks are next broached out to a true 
cylinder in three broaching machines. 

The last process is turning the faces and edges of tlie sheave 
to a flat surface, in thxeejming lathes^wlcadi also form the groove 
round the edges for them, for the rope which encompasses them 
ivhen in the mock. 

sphere are also two machines for making what are denominated 
dead eyes, which are very ingenious and complete. The whole 
number of machines here employed is 47. To describe them 
minutely would require a volume. A good account of them, 
illustrated by excellent engravings, may be seen in Rees'* s Nem 
Cyclopcedia^ art. Machinery. 

Borino of Cylinders^ Ordnance^ Wooden PipeSf See 
Cylinders, Ordnance, and Pipes, 
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BRAMAIFs MACHIHE, BrmnaKs Hydrostatic Press^ 

— names wliich are now commonly given to tlm ingenious con- 
trivances of the late Mr, Bramah, by which he applied the 
quaqua versum pressure of fluids as a very powerful agent in 
many kinds of machinery requiring motion and force. These 
contrivances (for which Mr. Bramah took out a patent in 
March, 1796) consist in the application of water, or other dense 
fluids, to various engines, so as, in some instances, to cause 
them to act with immense force; in others, to communicate 
tlm motion and powers of one part of a machine to some other 
part of the same machine; and, lastly, to communicate the 
motion and force of one machine to another, where their local 
situations preclude the application of all other methods of con- 
nexion. 

The first and most material part of this invention will be 
clearly understood by an inspection of fig. '4. pi. IX. where 

A is a cylinder of iron, or other materials, sufficiently strong, 
and bored perfectly smooth and cylindrical; into winch is fitted 
the piston b, which must be made perfectly water-tight, by 
leather or other materials, as used in pump-making. The bot- 
tom of the cylinder must also be made sufficiently strong witlr 
the other part of the surface, to be capable of resisting the 
greatest force or strain that may at any time be required. In 
the liottom of the cylinder is inserted the end of the tube c; 
the aperture of which communicates wdth the inside of the 
cylinder, under the piston b, where it is shut with the small 
valve D, the same as the suction-pipe of a common pump. The 
other end of the tube c communicates with the small forcing- 
pump or injector E, by means of which water or other dense 
fluids can be forced or injected into the cylinder a, under the 
piston B. Now, suppose the diameter of the cylinder a to be 

inches, and the diameter of the piston of the small pump or 
injector e only one quarter of an inch, the proportion betv/een 
the two surfaces or ends of the said pistons will be as 1 tO' 
2B04 ; and supposing the intermediate space between them to 
be filled with water or other dense fluid capable of sufficient 
resistance, the force of one piston will act on the other just in 
the above proportion, viz. as 1 is to S304. Suppose the small 
piston in the injector to be forced down when in the act of 
pumping or injecting water into the cylinder a, with the power 
of 20 cwt. which could easily be done by the lever h ; the pis- 
ton B would then be moved up mth a force equal to 20 cwt. 
multiplied by £304. Thus is constructed a hydro-mechanical 
engine, wherebj’' a weight amounting to £304 tons can be raised 
by a simple leyer, through equal space, in much less time than 
could be done by any apparatus constructed on . the known 
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principles of mechanics; and' it may be proper to observe, that 
the effect of all other mechanical combinations is counteracted 
by an acciiniiilated complication of parts, which renders tlieni 
incapable of being usefully extended beyond a certain degree ; 
but ill machines acted upon or constructed on this principle 
every difficulty of this kind is obviated, and their power subject 
to no finite restraint. To prove this it will be only necessary 
to remark, that the force of any machine acting upon this 
principle can be increased ad injinitum^ either by extending 
the proportion between the diameter of the injector and the 
cylinder a, or by applying greater power to the lever h. 

Fig. 5. represents the section of an engine, by which very 
wonderful eficcts may be produced instantaneously by means of 
compressed air. aa is a cylinder, with the piston b fitting 
air-tight, in the same manner as described in fig. 4. c is a 
globular vessel made of copper, iron, or other strong materials, 
capable of resisting immense force, similar to those of air-guns. 
D is a strong tube of small bore, in which is the stop-cock e. 
One of the ends of this tube communicates with the cylinder 
under the piston n, and the other with the globe c. Now, 
suppose the cylinder a to be the same diameter as that in fig. 4. 
and the tube i> equal to one quarter of an inch diameter, whicli 
is the same as the injector, fig. 4.: then, suppose that air is in- 
jected into the globe c (by the common method), till it presses 
against the cock e with a force equal to 20 cwt. which can 
easily be done ; the consequence vvill be, that when the cock e 
is opened the piston b will be moved in the cylinder a a witji 
a power or force equal to 2304 tons ; and it is obvious, as in^ 
the case fig. 4. that any other unlimited degree of force may; 
be acquired by machines or engines thus constructed. 

^^Fig. 6‘. is a section, merely to show how the power and 
motion of one machine may, by means of fluids, be ti:ansferred 
or communicated to another, let their distance and local situation 
be what they may, a and b are two small tubes, smooth and 
cylindrical ; in the inside of each of wdneh is a piston, made 
water and air tight, as in figs. 4. and 5. ce is a tube conveyed 
under ground, or otherwise, from the bottom of one cylinder to 
the other, to form a communication between them, notwdlh- 
standing their distance be ever so great ; this tube being filled 
with water or otlier fluid, untilit touch the bottom of the piston 
then, by depressing the piston a, the piston b will be raised.. 
The same effect will be produced vice versa : thus bells may 
be rung, v/heels tiumcd, or otlier maGbinery put invisibly in 
motion, by a power being applied to either. 

^‘^Fig. 7. is a section, showing another instance of Gommuni- 
cating the action and force of one machine to another ; and how 
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water may be raised out of wells of any depth, and at any 
distance from the place where the operating power is appliecL 
A is a cylinder of any required dimensions, in which is the 
working piston B,as in the foregoing examples : into the bottom 
of this cylinder is inserted the tube c, which may be of less 
bore than the cylinder a. This tube is continued, in any re- 
quired direction, down to the pump cylinder n, supposed to be 
fixed in the deep well ee, and forms a junction therewith above 
the piston f; which piston has a rod g, working through the 
stuffing box, as is usual in a common pump. To this rod g is 
connected, over a pulley or otherwise, a weight h, sufficient to 
overbalance the weight of the water in the tube c, and to raise 
the piston f when the piston b is lifted : thus, suppose the 
piston B is drawn up by its rod, there will be a vacuum made 
in the pump cylinder d, below the piston f ; this vacuum will 
be filled with water through the suction pipe, by the pressure of 
the atmosphere, as in all pumps fixed in air. The return of the 
piston B, by being pressed downwards in the cylinder a, will 
make a stroke of the piston in the pump cylinder d, which may 
be repeated in the usual way by the motion of the piston b, and 
the action of the water in the tube c. The rod g of the piston 
F, and the weight h, are not necessary in wells of a depth where 
the atmosphere will overbalance the water in the suction of the 
pump cylinder d, and that in the tube c. The small tube and 
cock in the cistern i are for the purpose of charging the tube c.’*’ 

By these means it is obvious most commodious machines 
of prodigious power, for tearing up trees, drawing piles, &c, 
and susceptible of the greatest strength, may readily be formed. 
If the same multiplication of power be attempted by toothed 
wheels, pinions, and racks, it is scarcely possible to give strength 
enough to the teeth of the racks, and the machine becomes 
very cumbersome and of great expense. But Mr. Bramah’s 
machine may be made abundantly strong in very small com- 
pass. It only I’equires very accurate execution. Mr. Bramah, 
however, was greatly mistaken when he published it as the 
discovery of a new mechanic power. The principle on which 
it depends has been well known for nearly two centuries ; and 
it is matter of surprise that it has never before been applied to 
any useful practical purpose. 

Bridges Suspensum^ or those in which the passage across 
a river is effected by suspending the supporting material above 
the water, are now becoming so common in this country, that 
an article on the subject seems highly desirable. 

The common method of crossing ravines and rivers in the 
interior of America and India is- by means of ropes of various 
kinds, which are stretched from side to side, having sometimes 
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a road-wiiy upon tlienij forming a complete rope-bridge ; and 
in other cases merely a basket suspended from them, which is 
drawn across whenever it is necessary to convey a traveller 
over. 

Iron chains, rods, and wires, have, however, been most suc- 
cessfully employed for the same purpose ; and they have been 
applied in various ways. The following brief history, with an 
account of a suspension britlge across the Kelvin, is taken from 
that useful little publication The Glasgow Mechanic's Maga^ 
zine. 

Chain bridges of very great extent are said to have been 
long in use in China, and Major Rennel describes one of 60 D 
feet in length, which is thrown across the Sampoo of Hlndostan. 
The first chain bridge erected in this islandwas Winch Bridge, 
which was tlirown across the river Tees, in over a chasm 
nearly 60 feet deep, for the passage of travellers, but particu- 
larly of miners ; it is seventy feet in length, and about two feet 
broad, with a hand rail on one side, and planked in such a 
manner, that the traveller experiences all the tremulous mo- 
tion of the chain, and sees himself suspended over a roaring 
gulf, on an agitated and restless gangway, to which few 
strangers dare trust themselves. 

Bridges on this plan were subsequently erected in the United 
States of America ; and there is one (erected in 1809,) over 
the river Merrimack, in Massachusets, of244 feet span, having 
two carriage ways, each fifteen feet in breadth, and capable of 
supporting 500 tons. There is also another fine suspension 
bridge of five arches over the Delaware at Trenton; of which 
an interesting account has been published in this country by 
Mr. C. A. Busby. The following suspension bridges have 
been recently erected in Scotland; 



Date. 

Sjmn, 

Breadth, 

Cost* 

Galashiels Wire bridge. . . . 

.. 1816* 

... Ill feet 

, , , , 

£40 

King’s Meadows do., , , . , , 

.,1817 

. 110 do. 

. . . . 4 feet 

£l60 

Thirlestane - do., 

. , — ^ — 

. .. 125 do. 

, ^ ^ 



Dryburgh Chain do.. ...... 

..1818 

... 260 do. 

, . . . 4 do. 

£7^20 

Berwick Union do.. , . . . . . 

. . 1820 . 

. .. 361 do. , 

18 do. 

£6050 


The suspension bridge across the Menahstraits furnishes 
also a very interesting specimen of this department of the 
art.''.' 

The suspension bridge across the river Kelvin, exhibited in 
plate XLII, was erected in the j^ear 38£S, by James Gibson, 
of Hillhead, Esq., for the purpose of connecting the lands of 
Hillhead and Blythswood. It was designed and executed 
under the superintendence of John Herbertson, jun.. Architect, 
on the principle of suspension bridges, with the chains or rods 
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below, and the weights resting on the rods by means of cast- 
iron brackets, on which the beams are placed. 

The bridge is 63 feet in span, and twelve feet wide, and 
there are five beams of crown mernel in the width, each being 
twelve inches deep, by six inches thick, in two lengths. The 
rods which are made of Ackerman’s chain iron are one and 
one-fourth inches in diameter. They are bent round the ends 
of the beam, and fastened with a hoop of iron, two Indies 
broad, by one inch thick, to prevent it from springing. Buck- 
ling screws are placed on each rod, near to the brackets, for the 
purpose of tightening the rods and raising the beams to the 
level ; so that the whole structure can be adjusted with the 
greatest ease. 

That this plan may be carried to a great extent, is evident 
from its simplicity and capability of sustaining an enormous 
pressure. From the construction, it will be easily seen, that 
the whole weight or pressure is exerted on the iron rods, or 
wires, in the direction of their length, so that they have no 
tendency to break or bend in a lateral direction. The amazing 
strength that this mode of connecting the ends of a wooden 
beam imparts to it, may be illustrated by a very simple expe- 
riment. Let the mechanic take a piece of wood, about two or 
three feet long, and an inch in diameter, place the ends of it 
between two chairs, or stones, and attempt to stand upon it, 
and he will find it break almost instantaneously. Let him now 
take a similar piece of wood, and bend round the two ends a 
piece of wire so much longer than the wood as to allow a small 
wedge, or wooden pin, two or three inches long, to be placed 
vertically between the wood and the wire, and he will find that 
he will be unable to break it, though he leap upon it with all 
his force. The application of this principle may be seen in all 
cases where brackets and trussed beams are employed, though 
it has been seldom perhaps carried to the extent w’hich it 
obviously admits of. 

^ But for a fuller development of the principles and construc- 
tion of suspension bridges, we here present copious extracts 
from Mr. Georg^e Buckana7i's report on the practicability of 
erecting a suspended bridge of iron, across the Esk at Mont- 
I’ose, instead of the present wooden bridge there. (Edmburgh 
FML Jom\ No. 21.) 

The town stands on a gently rising ground, in one of those 
low sandy flats, which occur so frequently on the shores of the 
German Ocean, and which, from their slight elevation above the 
sea-level, and other circumstances, appear to have been once 
overflowed by the water. It has the German Ocean on the east, 
at the distance of about half a mile, and to the west is a tract of 
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low and level sands, above four square miles in extent, and nine 
miles in circumference, through which the South Esk winds its 
way to the sea, passing close to the town on its south side. 
These sands lie below the level of high water and above the 
level of low water, and the river opening a communication with 
the sea, it necessarily happens, that every rising tide rushes up 
the channel of the river, and inundates the whole of this sandy 
flat to the west of the town, which is again left uncovered by 
the reflux of the tide. The channel through which this great 
body of water is alternately poured in and discharged is sud- 
denly contracted at the south end of the town, to the breadth 
of 700 feet at high water, and 400 feet at low spring-tides ; and 
in consequence of this, the stream rushes in or out with great 
violence, according as the tide is either flowing or ebbing ; and 
it is over this narrow part of the channel that the bridge is 
erected; the narrowness here, which both strengthens and 
deepens the current, rendering the situation in other respects 
favourable for a structure of this nature. 

This low land, over which, at each return of the tide, are 
spread the waters of the ocean, after they have made their way 
through the narrow channel of the South Esk, is called the 
Basin, which forms a striking object in the scenery of the place, 
appearing, when the tide is full, a large and beautiful lake, and 
in a few hours afterwards, when the waters have retired, a de- 
solate and sandy marsh. But what we have chiefly to consider 
here, is the difficulty in finding in such a situation any solid 
foundation for the erection of a bridge. In consequence of 
the violence with which the water flows out and in, as the basin 
is alternately emptied and filled, the natural channel of the river 
has been deepened, and now contains in the middle parts a body 
of 30 or 35 feet of water at full tide, and never less than 20 feet 
at the lowest tides. The current also often runs at the rate of 
five or six miles an hour. The river Thames at London is 
broader than this stream, but its depth is much less, and its cur- 
rent is not nearly so rapid. Estimating the average depth of 
the basin to be six feet at high water, and its area four square 
miles, we shaU find that the body of water discharged through 
this channel is equal to that of a river which drains a country 
10,000 square miles in superficial extent, a surface far exceed- 
ing that which is drained by the principal rivers of our island, 
and more than double the area drained by the Thames itself. 
It is not therefore merely a fresh-water stream over which we 
have to build, nor yet, strictly speaking, an arm of the sea. It 
is a vast river from the ocean, pouring in with rapid stream on 
our works, and in a channel already of uncommon depth, and 
at the same time so confined, and of so soft and yielding a hot- 
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tom, that the least contraction of the water-way is sure to deepen 
it still farther, and thus endanger any work erected on so pre- 
carious a foundation, should the attempt even succeed of found- 
ing and building, In a situation so replete with difficulty and 
hazard. - 

At the place where the present bridge stands, the river is 
divided by_ a small island called the Inch into two streams, 
which again unite at a quarter of a mile below the bridge. It 
is over the northern and larger stream that the bridge is erected ; 
and it is evidently a very appropriate situation for a suspension 
bndge. 

•• I'he suspended arch is, in most respects, the reverse of the 
common arch. The common arch, it is well known, is only 
smstamed in consequence of the nice balance and adjustment of 
Us several parts. But the materials of the arch and its road- 
''y^y lying above the abutments from which the arch is spruno- 
the whole rests or stands on these supports, and on this ac- 
count the equilibrium of the arch is of an unstable and preca- 
rious naUire, so that whenever it is disturbed beyond a certain 
point, It IS sure to becompletely overturned. When the brid«re, 
therelore, is overloaded in any part, the fell of the whole struc- 
ture is inevitable. The suspended arch is the reverse of this 
and has, in this respect, the advantage. There is here also an 
equilibrium between the different parts of the structure, but ns 
the materials of the arch and its roadway lie, in this case, be- 
low the suspending pillars, the whole rather hangs than rests 
on these pillars, and the equilibrium is, on this account, re- 
markable for its stability. it is that kind known under the 
name of the Stable Equilibrium ; while the other, being less 
sure, IS entitled the Tottering Equilibrium. The one cannot 
be overset, but the othp requires considerable skill to be main- 
tamed- While the raised arch, therefore, falls irretrievable in 
consequence of any overload, the hanging arch cannot give way 
until the materials themselves which compose it are torn in 
pieces. The one tumbles long before the arch stones are 
stiained to their utmost j while the other carries the load on 
its chains to the^ very moment of their fracture. In the one 
case the materials may be driven out of their place, and thus 
the structure may be overturned ; while in the other, we have 
rlon^ Strength of the materials as a security against acci- 
dents. And although the common bridge is, no doubt, seldom 
known to fail, its strength and solidity are chiefly owing to the 
enormous mass of materials which compose it; while the sus- 
pended bridge, on the other hand, is distinguished by the light- 
ness of Its structure, and the apparent boldness of its design. 

But malleable iron possesses a peculiar advantage in its tena- 
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city ; it stretches long before it actually breaks ; it begins lo 
stretch, indeed, with about one-third, or, at most, one-half of 
the weight which would tear it asunder ; and, as it is unsafe to 
load it with any more than this third or half of its utmost 
strength, at least if we wish to give permanence to the structure, 
this circumstance ensures the highest degree of security that can 
be desired : for even if the strength of the Iron should happen 
to be estimated too low, which, however, cannot take place, if 
we are careful to prove each link of the chains before they are 
put together ; but should this improbability even occur, and 
should the load, for example, of an assembled multitude begin 
to stretch the chains, this circumstance could not fail to be ol>- 
served. The sinking of the roadway would signify the apr* 
proach of danger long before any accident could happen : so that 
if the structure be combined with proper attention and skill, 
the actual breaking of the chains is a contingency which cannot 
take place by any possible concurrence of accidents. 

In such bridges, then, it appears the utmost security is ob- 
tained in the arch itself, by proving carefully the strength of 
every bar or bolt of iron, of which the main chains are com- 
posed, and also of every joint or fastening, by which these de- 
tached bars or piecesare united into one greatsuspending chain, 
reaching from end to end of the bridge, there passing over its 
supporting pillars, and terminating in the ground, on each side. 
By thus knowing exactly how much each chain wilt bear, we 
obtain a safe rule for applying such a number as will cover 
every emergency. 

In regard to the towers for supporting the bridge on each side, 
such strong and substantial pillars of stone and iron can be 
erected for this purpose, as to render it impossible that they 
should be crushed under the load they have to sustain. These 
can be founded also on so broad and ample a basis of pile-work 
as to prevent them from sinking: and, lastly, tliey may be se- 
cured at the bottom by such sufficient fastenings, that they can- 
not be overset by any external force or violence to wdiich they 
are ever likely to be exposed. 

To secure the extremities of the chains, these can be carried 
so deeply under ground, and there bound securely to a platform 
of pile-work, so firmly and deeply rooted into the soil, and so 
heavily loaded with stones or gravel, that the chains themselves 
would be torn in pieces before the load which stretches them 
could either disengage the fastenings, or pull up the piles. In 
all these cases, it is only necessary to know exactly the load 
which is ever likely to be laid on the bridge, or the nature of 
any external violence which may be apprehended, and to guard 
these vulnerable points of the structure, by a degree of strength 
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ill the several constructions, proportioned to the strain which 
each has to bean 

Next, however, to the perfect security of every part of the 
bridge, we must iwktothe accommodations ; and in this respect 
the suspended bridge is every way on a par with tlie common 
bridge, excepting that the flexibility of the arch subjects it to a 
certain unsteadiness, which, in someof these structures, has been 
felt as an inconvenience. This, however, has chiefly arisen fiom 
want of the proper means having been taken to prevent it. 

In the erection of a suspended bridge, the first object is to as- 
certain the utmost strain to which the chains will ever be siib- 
•jected. The strain arises from the weight of the roadway, and 

any load of carriages or people that may be laid upon it, to- 
gether with the weight of the rods by which it is suspended 
from the main chains, and also the w'eight of those chains them- 
selves ; each and all of these togetlier being sustained by the co- 
hesive strength of the iron, of which those principal chains are 
composed, and which is stretched in every part of it, exactly as 
if thechain were hung perpendicularly, and a weight, correspond- 
iing to the strain on the Eridge, suspended at its lower extremity^ 
itnpbrtance, therefore, to know the total amount 
•ot all these different weights, that we may be able to apply a 
chain, whose collective strength may be amply sufficient to sus- 
tain It permanently, without stretching or altering, by the strain, 
the natural texture of the metal. In the bridge now designed, 
'the roadway is to be 150 feet wide, 28 feet clear of the chains and 
side-rails, and 20 feet clear of the two footpaths, each of which, 
therefore, is four feet wide. For the support of the roadway, 
there are to be only two sets of main chains, one at each side of 
the bridge, and running in a line above the outside of the foot- 
' path, and above the side-rails ; so that between the ormosite rail- 
ings ot the bridge all is clear foot and carriage way, the foot- 
paths tong only raised above the carriageway, and protected 
"irom the encroachment of carriages, by short iron posts planted 
at convenient distances, and connected together, if necessary, 
which one may easily step, 

^ Mr. b, proposes making the roadway wholly of iron, con- 
sisting of a series of iron plates, supported on a frame-work 
below, and covered above with a coat of gravel or small metal, 
our inches thick, or more. The weight of the iron-work in 
pe plates, frames, side-rails, suspending and cross rods, and, 
in short, all the iron-work supported by the chains together, he 
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Ihe greatest l(^d that can ever be laid on the bridrre is 
when It IS crowded with people, and Mr. B, estimates the utl 
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most number that it will hold at TOCBj wliich is than half 
the whole inhabitants of the town. Suppose each person I BOlb., 
or 12 stones and upwards, the total will be nearly 470 tons 
weight. The weight of the chains themselves will be 100 tons, 
so that, on the whole, in the most extreme case that can 
occur, we shall have loading and straining every inch of the 
chains, — viz. 

Iron in roadway and in suspending rods, 180 tons. 


Gravel, - . .. . « 220 

People, - - - - - 470 

Chains, - - - - - 100 

Total, 970 tons. 


• We shall be enabled to lay this great load upon the chains 
with perfect safety, from the circiinistance, that, owing to the' 
deepness of the curve, this load wdll produce no undue strain 
upon the arch ; it will just stretch the chains asif they had been 
hung perpeodicularlvs and the weight suspended by their ex- 
tremities. In the middle of the arch, indeed, the strain on the 
chains will scarcely be so much as this* This advantage is 
owing entirely to the height of the towers ; for had these been so 
low as those of the Tweed bridge, compared with its span, the 
weight of the roadway would have produced on the chains, 
owing to the flatness of the arch, a strain almost double that of 
their natural weight, and the carriages and people would all 
of them have produced an augmented strain in proportion ; so 
that, instead of 1000 tons, we should have had a strain of 
nearly £000 tons on every inch in the length of the chains front 
pillar to pillar, and from thence to the ground 

* This circumstance of the strain on the chains varying with the depth or flatness 
of the arch, even though the natural weight hanging upon them be in either case the 
same, arises, it is well knowm, from the principle of oblique action. 

When a rope or chain hangs perpendicular, and carries a weight at its extremity, it 
is evidently stretched by a force exactly equal to the weight itself, because the cohesive 
strength of the rope being always exerted lengthways, this, when the rope bangs per- 
pendicular, is directly opposed to the gravitating action of the weight, and these op- 
posite forces producing an equilibrium, must necessarily be equal. JBut when the rope 
is made fast at its extremities to two opposite points of suspension, and the weight sus- 
pended between them, the case is quite different : Here the rope cannot hang vertically, 
as before, but branches off from the point where the weight is attached towards each 
point of suspension. It thus divides itself into two distinct portions, each of which now- 
bears its share of the load; — and the weight being thus sustained by two ropes instead 
of one, this, it may be imagined, should, reduce the strain upon each one-half, and so 
it undoubtedly would, if each rope were to hang perpendicular. If the points of sus- 
pension were brought together, and the rope thus merely doubled, then it is evident 
that each half, as it would only beasr, so it would only, be strained with, the half of the 
weight. But when the points of suspension are removed from each other, and the rope 
«pans the intermediate distance, then the case is quite different j since the rope instead 
of hanging vertically, must incline from the points of suspension towards the point 
where tlie weight is attached. But as the weight continues to draiv directly down- 
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GocmI English iron will bear for any length of time, without 
stretching or altering its texture in any respectj at least 8 tons 


wards, and t!ie rope to exert its strength directly lengthways, the forces are hence no 
more directly opposed to each other. Each branch of the rope bears ob)ic|uely upon 
its object, and before these indirect actions can become a match for the weight, which 
continues invariably to draw in the line of the perpendicular, they must necessarily ac- 
quire additional force, in proportion to their obliquity. If the rope, then, has just 
strengtlr enough to bear the weight, when the points of suspension are brought toge- 
ther, it will be sure to give way the moment they are separated ; and if it has sufficient 
strength to carry the weight, notwithstanding this separation, each branch will yet be 
strained by a force, depending not merely on the iveight itself, but also on the obliquity 
of the ropej the more oblique this Is to the direction of gravity, the more will it be 
strained, according to the well hnown laws of oblique forces. 

Such, then, is the reason of that remarkable strain which we observe in flat arches, 
whether suspended or raised, and of that moderate tension or compression which we ob- 
tain by increasing the depth or heiglit of the curve. In the former, the arch hangs or 
stands every where extremely oblique to the direction of gravity; and the strain there- 
fore, on every part of it, must greatly exceed the natural weight which it supports. 
In deeper or higher curves, again, the arch hangs or stands less oblique to the perpen- 
dicular: the forces of cohesion or of compression, and the force of gravity, are hence 
more directly opposed to each other, and are therefore more nearly equal. In these 
cases, the weight is no doubt disposed over the whole length of the arch, instead of 
being accumulated in the centre; but the effect of this is merely to alter the figure of 
the curve of equilibrium, in every part of which, however, the strain still invariably de- 
jyends on the two circumstances already mentioned, namely, the weight which that part 
sustams, and its obliquity. 

Whatever be the disposition of the load, the strain on the arch of a suspended bridge 
may be easily determined by two simple, but important considerations: 1st, In the 
inlddle or lowest part of the curve, the strain in different arches increases exactly as 
their depth is diminished, and diminishes exactly as their depth is increased, supposing 
the span to remain the same. In other words, this strain is inversely proportional to 
the depth, or versed sine of the curve : Secondly, When the depth is the eighth part 
of the span of the arch, then the strain in the centre isexaetly equal to the whole weight 
of the bridge. In every arch, then, if the depth exceed the eighth part of the span, 
the strain in the centre will be proportionally less than the natural weight of the 
bridge; and if the depth be less than tiie eighth part of the span, this strain will be in 
the same proportion greater tlran the natural weight. So that, in general, if the depth 
be the ??th part of the span, then in every case the strain in the centre will be equal to 
the whole weiglit of the chains and roadwa}’', augmented or diminished in the ratio of 
8 to «. Suppose, for example, the depth to be the 1 6*th part of thespan, then = 
and the ratio of B to 7 /. or B to 16, is the same as that of 1 to 2. In the centre, then, 
the arch will be strained with a force equal to double the natural weight of the bridge. 
Suppose, again, the depth equal to one-fourth of the span, then w 4 audthe ratio of 
8 to n or 8 to 4, is the same as that of 2 to 1, or one to so thfit here the horizontal 
tension is only the half of the w-eight of the bridge. Let W denote the weight of the 
bridge and its load, andT the strain in the lowest part, or the horizontal tension, 

then T= 

The horizontal tension, or the strain in the centre, is less than the strain on any 
other point, as this increases gradually towards the points of suspension, where it isgreat- 
estofall. To find the strain there, ho weR'er, we have only to add to the horizontal 
tension the ? 2 th part of the weight of the bridge; so that, if t denote the strain at the 

. ^ . «W W 

point of suspension, ^=.-— 4 - — . 

% 71 

The arch of the chains is usually considered as a catenary curve, and even in this 
view the above propositions are sufficiently near the truth for practical purposes ; for 
-When the depth is the eighth of the sjian, the strain in the centre, calculated in this 
, manner, is only about ^th part too little. But they will be found much more exact, 
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of Strain upon every square inch. Experiments differ in some 
degree as to this particular, some carrying the strengtii much 
higher; but Mr. Buchanan takes the lowest estimate. We 
may safely assume the strength at 8 tons to tiie inch, which is 
the lowest estimate, and which is only one third of what the 
iron really will bear without breaking, as it takes from 20 to 
30 tons to tear it asunder. Suppose, then, that the bridge is 
strained with the utmost load of carriages and people that can 
ever be laid on it, Mr. B. proposes having such a thick“ 
ness of iron from pillar to pillar to support this load, that no 
part of it will ever be stretched with a force of more than 8 tons 

if we consider that, in suspended bridges, the curve is in general much nearer to a para- 
bola than to a catenary, as the level roadway tends always to bring it nearer to this 
latter figure, in proportion as its weight exceeds that of the chains. The arch, in fact, 
is only a catenary, if we suppose the weight of the roadway to be as nothing, compared 
with that of the chains ; and it is an exact parabola again, when the weight of the 
chains is as nothing compared with that of the roadway; and the latter is in general by 
much the nearest to the true state of the case. In the bridge above proposed, the 
weight of the roadway itself is four times that of the chains, and, when loaded to its 
utmost, it is ten times greater. This consideration is of importance in practice, much 
embarrassment having been felt in loading the bridge with its roadway, by the weight 
gradually altering the figure of the curve : and this will always take place if the lengths 
of the suspending rods be drawn to the curve of the catenary. As the progress of 
loading proceeds, the figure of the arch will change, the roadway will bedrawn ofFits level, 
the suspending rods olf the perpendicular, and the whole structure will be distorted, 
besides that different parts of it will be strained beyond what they are intended to bear. 
To avoid such evils, the length of the suspending rods must be calculated by that 
figure to which the weight of the roadway will finally bring the chains; and, for this 
purpose, the curve of permanent equilibrium cannot be too nicely investigated. But 
for calculating theleast and greatest strains in the arch, we may, without sensible error, 
assume it as a parabola. Now', in all these funicular curves, whether catenary, parabola, or 
any other figure, it is a general property that the horizontal tension is proportional to the 
radius of curvature at the vertex; and is, in every ease, equal to the weight of as much 
of the curve as is equal to the radius of curvature in length, and of the same thickness 
or cross section as the curve at the vertex. But the radius of curvature of the parabola 
at the vertex is just half the parameter : and hence from the equation of this curve 

2 /® we deduce T, the horizontal tension T=-^-ps=~. But ?/ is half the span 

of the arch = jS, S denoting the span, and a? is its depth or versed siiie=c?; hence 

_ S® _ . S , , nr, iidX'nd nS « , , 

T = — . Letdnowbe=-, and then T= ; — = Hut S denotes the 

8d n\ Bd 8 

weight of a part of the bridge, equal to the span In length, and having everywhere 
the same cross section as the chains and roadway in tiie middle ; and this is evi- 
dently within a mere trifle of the whole weight of the bridge, only falling short of it by 
the w'eight of a part of the chains, equal in length to the ditFerence between the arch and 
the span, and winch will not, in general, amount to the 2U0th or 400th part of the 
whole weight. For S, therefore, we may safely substitute W, and this gives the formula 

nw ■ ■■■' ' * .. ■" ■ 

already stated. 

For further information on the subject of the catenary, see Professor Leslie’s Geo- 
metry of Curve Lines, and Elements of Natural Philosophy, where the strain in the 
lowest part of the catenary is expressed by a very simple, yet tolerably accurate 

formula, viz. — + ”, & denoting the span, and d the depression. — See also Pr. Gre- 

. 8di "■ ■' 6 ‘ 

gory’s Common-Place Book, pa. 177, &c. and pp, 164 — 167, vol. I. of this work. ' 
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to the inch; and thus it will endure, not only ibr the,monient 
during which this extraordinary strain is ever likely to take 
place, but although it were continued for any length of time j 
so that any notion of danger from the utmost load to which it 
can ever be subjected seems totally out of the question ; and 
much less can any hazard be incurred from the every day traf- 
fic on the bridge. The thickness of iron required for this pur- 
pose will be about inches, or about 62 on each side of the 
bridge. There will in fact be less strain by iOO tons in the 
c^tre of the arch than at each point of suspension, and the 
section of iron will require to be varied on this account; but 
124 inches is the average; and could we stretch, therefore, 
one whole arched bar of iron, of this thickness, from pillar to 
pillar, and from thence to the ground, this would form the 
most perfect suspending arch. But this is impossible ; such a 
vast mass can only be formed by uniting small pieces together ; 
and it is of importance to consider what is the most convenient 
size for these pieces. In the Tweed bridge, the chains are 
formed by I'ound bars or bolts, 15 feet long each, and 2 inches 
in diameter, each weighing about 2 cwt. The advantage of 
theseJarge and heavy bars is, that they save joinings ; but they 
are attendee! with other inconveniences, whicli more than coun- 
terbalance it. Mr. B. prefers bolts of smaller diameter, not 
exceeding inch ; these can be more easily procured, arc 
easier wrought, and easier put together ; so that, on the whole, 
they are attended with less expense. Anotlier advantage 
arises from the smallness of these bars ; their great number 
enables us to blend together, in every part of the compound 
chain, the %"arioLis qualities of the iron; so that if some bars 
should be below their proper strength, others will be as much 
above it, and the collective strengtii of the whole will still be in 
every part of the arch rather above than below the standard. 
A greater number of joints will no doubt be required for the 
small bars; but this is a matter of little importance, more 
especially as these can be made of so simple a construction that 
the bars can be put together and taken to pieces again with the 
greatest facility. 

^ The following is an abridged account and estimate of the 
dimensions and structure of the proposed bridge. 

Span of the arch, or length between suspending pillars, 420 
feet. 

^ Versed szne^ or depth of the arch, equal to the height of the 
pillars above roadway, 60 feet. 

Main Chains. — One compound chain on each side of the 
bridge, consisting of 36 single chains, running parallel to each 
other, and ranged in a compact square, 6 broad and 6 deep. 
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Each single chain is inch diameter ; each compound chain 
lias thus a thickness or cross section of square inches, and 
both together 1 27 inches. The single chains are formed of 
bolts 15 feet long, upset and shouldered at each end, and 
coupled together with cast-iron coupling blocks 4 inches 
diameter; the strength of each bolt and coupling being care- 
fully proved to eight or ten tons on the square inch. 

Moadway. — 30 feet wide ; 28 feet clear of chains and side 
rails; and 20 feet clear of footpaths, each of which is 4 feet 
wide. Roadway laid with grcitel or metal 4 or 6 inches deep ; 
this laid on cast-iron plates 4 Inch thick; these supported on 
malleable iron joisting frames, crossing under the bridge at 
every 5 feet in its length, each 3^ feet deep in the middle, and 
well trussed in every part : these frames united and strengths 
ened by malleable iron plates, £ feet deep, running longi-* 
tudinally the ■whole length of the bridge standing upright, and 
by their depth giving stiffness to the roadway. — See PI. XLIL 

Suspending Mods. — These are formed of |tb inch bolts, and 
are placed two together on each side of the bridge, and, at 
every 5 feet in its length, attached to a socket in the suspend- 
ing irames below, and to a coupling above, which is attached 
to the chains, and binds them all into one mass. Similar rods 
run horizontally from the chains to the pillars, and thence to 
the descending chains ; these serve to keep the arch of the 
chains steadily in its place, and, interweaving with the upright 
rods, they communicate a remarkable strength and steadiness 
to the whole structure. 

Pillars. — These are four in number, two at each end of the 
bridge; each consists of a pyramid, 4 feet square at top, 9 
feet at bottom, and 50 feet high, resting on a pedestal 11 
feet square and 11 feet high, and the bottom of which is level 
with the roadway of the bridge. This pedestal rests on a pier 
of stone, 12 feet square at top, and twenty feet square at bot- 
tom, built on the site of the present pier : the bottom is on a 
level with low water-mark, and founded on a strong basis 
of planking and piles. The pyramid is composed of iron plates 

inch thick, cast with flanches, and bolted and rusted toge- 
ther into one mass, the hollow within being built up with stone. 
The pedestal is either formed in the same manner, or wholly of 
stone. The base or pier below is built of ashler, and put to- 
gether in the strongest manner. The pyramid is bolted to an 
iron plate or frame resting on the top of the pedestal, this to a 
similar plate below the bottom of the pedestal, and this again 
to the platform on the top of the piles, — so that one connected 
chain of iron runs from top to bottom of this compound pilar, 
and binds the whole into one mass. 
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Fastenings , — The chains are made fast to their extremities 
each to a cast iron bracket, whieh is bolted to the top of a 
wooden platform, £0 feet square, and resting and firmly at- 
tached to a feeries of piles, driven deep and firmly into the soil 
below. The 36 bolts of the main chain, as they approach this 
platform, are spread out from their compact square of 2 feet 
to cover the above platform of 2Q feet square, and each is then 
attached to its bracket. The platform is then loaded with 
sand, or gravel, till the incumbent weight amounts to at least 
500 or loot) tons on each end of the bridge; this being the 
greatest weight the bridge itself will have to sustain. ^ 

Strejigth . — The bridge will carry, with perfect safety, 7000 
people in addition to its own weight; and, with this great 
load, no part of the chains will be stretched with a greater 
strain than 8 tons on a square inch, which it is w’eil known 
common iron will bear with the utmost safety, but which, every 
bar will be proved to before it goes into tlie bridge. 

Estimated 

CAMEL is the name given to a machine employed by the 
Dutch for carry ing vessels heavily laden over the sand-banks in 
the Zuyder-Zee. In that sea, opposite to the aaqouth of the 
river Y, about six miles from the city of Amsterdam, there are 
two sand-banks, between which is a passage called thePampus, 
sufficiently deep for small vessels, but not for those which are 
large and heavily laden. On this account, ships which are out- 
ward bound take in before the city only a small part of their 
cargo, receiving the rest wdien they have got through the Pam- 
pas ; and those that are homeward bound must, in a great 
measure, unload before tl?ey enter it. For this reason the goods 
are put into lighters, and in these transported to the warehouses 
of the merchants in the city ; and the large vessels are then 
made fast to boats, by means of ropes, and in that manner 
towed through the passage to their stations. 

Though measures were adopted so early as the middle of the 
sixteenth century, by forbidding ballast to be thrown into the 
Pampas, to prevent the further accumulation of sand in this 
passage, that inconvenience increased so much from other causes 
as to occasion still greater obstruction to trade ; and it at length 
became impossibleforships of war, and others heavily laden, to 

f et through it. About the year 1672 no other remedy was 
nown than that of making fast to the bottoms of ships large 
chests filled with water, which was afterwards pumped out ; so 
that the ships were buoyed up, and rendered sufficiently light 
to pass the shallow. By this method, which was attended 
with the utmost difficulty, the Dutch carried out their numerous 
fleet to sea in the above mentioned year. This plan, however. 


CAMEL. 143 

gave rise soon after to tlie invention of the camel, by which 
the labour was rendered easier. 

The camel consists of two half ships, constructed in such 
a manner as they can be applied below water, on each side of 
the hull of a large vessel. On the deck of each part of the 
camel are a great many horizontal windlasses, from which ropes 
proceed through apertures in the one half, and, being carried 
under the keel of the vessel, enter similar apertures in the 
other, from which they are conveyed to the windlasses on its 
deck. When they are to be used, as much water as may be 
necessary is suffered to run into them; all the ropes are cast 
loose, the vessel is conducted between them, and large beams 
are placed horizontally through the port-holes of the vessel, 
with their ends resting on the camel on each side. When the 
ropes are made fast, so that the ship is secured between the two 
parts of the ca mel, the water is pumped from them ; by which 
means they rise, and raise the ship along with them. Each 
half of the camel is often about 127 feet in length ; the breadth 
at one end is and at the other 13. The hold is divided 
into several compartments, that the machine may be kept in 
equilibrio while the water is flowing into it. An East India 
ship that draws 15 feet of water can, by the help of the 
camel, be made to draw only 11; and the heaviest ships of war, 
ofgO or 100 guns, can be so lightened as to pass, without ob> 
struction, all the sand-banks of the Zuyder-Zee. 

Leupold, in chap. 6. of his Theatrum MacMnarum.j published 
in 1725, at Leipsick, describes this machine under the head 
Beschreibung der se genannten Camele zu Amsterdam^ womit 
die bi^Jraclden S^ Pampm gehracht u'erderiy and 

says it was invented by Cornelius Meyer, a Dutch engineer. 
But the Dutch writers almost unanimously ascribe this inven- 
tion to a citizen of Amsterdam, called Meiives Meinderlszoon 
Bakker, 

As ships built in the Neiva cannot be conveyed into harbour, 
on account of the sand-banks formed by the current of that 
river, camels are employed also by the Russians, to carry^hips 
over these shoals : and they have them of various sizes. Bernoulli 
saw one, each half of which was 217 feet long, and 36 broad. 
Gamels are used likewise at Venice. An engraving of the camel 
may be seen in de batir les Vaisseausc^ Amsterdam, 

1719, 4to. vol. ii. p. 93. 

CANALS, motion of mater in. ‘jSee Stream. 

CAPSTAN, a large massy column, shaped like a truncated 
cone, placed perpendieukrly on the deck of a ship, and turned 
by levers or bars, which pass through holes pierced in its upper 
extremity ; serving, by means of a cable which winds round the 
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barrel, to draw up burdens fastened to the end of the cable. 
The power of this machine in its simple state is manifestly 
reducible to that of the axis inperitrochio. There is frequently 
attached to it a tackle of pulleys, but the ingenious contrivance 
described in art. 4. of the introductory part of this volume is 
far preferable. 

CELLAR CEANE, a machine represented in fig. 6. pL VI. ; 
and is very useful to wine merchants, brewers, &c. in drawing 
up and letting down casks full of wine, beer, &c. It saves the 
trouble and inconvenience of horses, and in many places can be 
used where horses could not. a a are two wooden props, about 
6 feet in height, and jointed together like a ruler at b. They 
are connect^ to each other by an iron round bar and wooden 
bar at the bottom n. The iron prongs ee fasten the uprights 
steadily to the edge of the cellar ; f is the axis round which two 
ropes are coiled, the ends of which are fastened to the two 
clamps GG. Oil the axis f is fixed the iron wheel h, of S feet 
in diameter : in the teeth of this works the pinion I, of about 6 
or 7 inches in diameter, and is turned by the handle at k. 

It is evident, by a bare inspection of the figure, that when the 
two ropes are slipt over the ends upon the barrd, either at the 
top or bottom of the cellar, by turning of the winch k towards 
or from the operator, the barrel can be safely and expeditiously 
taken out or lowered down. When the crane is done with, it 
shuts up, by unscrewing the nut b, taking the wheel and axis 
away out of the loops at l, and folding the sides at A together, 
like a jointed rule ; it may then be taken away in a cart of 
dray, or taken in the men'’s hands. 

CENTRIFUGAL pump, a very curious machine, invented 
by Mr. Erskine, for raising water by means of a centrifugal 
force combined with the pressure of the atmosphere. It con- 
sists of a large tube of copper, &:c. in the form of a cross, 
which is placed perpendicularly in the water, and rests at the 
bottom on a pivot. At the upper part of the tube is an hori- 
zontal cog-wheel, which touches the cogs of another in a vertical 
position ; so that by the help of a double winch the whole ma- 
chine is moved round wdth very great velocity. Near the bottom 
of the perpendicular part of the tube is a valve opening up- 
wards ; and near the two extremities, but on the contrai’y side 
of the arms or cross part of tlie tube, are two other valves 
opening outwards. T. hese two valves are, by the assistance of 
springs, kept shut till the machine is put in motion, when the 
centrifugal velocity of the water forces them open, and dis- 
charges itself into a cistern or reservoir placed there for that 
purpose. On the upper part of the arms are two holes, which 
are closed by pieces scfet^d into the metal of the tube. Before 


tlie machine can work, those holes must be o})ened, and 
w^ater poured in through them, till the whole tube be full ; by 
these means all the air will be forced out of the machine, and the 
water supported in the tube by means of the valve at the bottom- 
The tube being thus filled with water, and the holes closed 
by the screw-caps, it is turned round by means of the winch, 
when the water in the arms of the tube acqjuires a centrifugal 
force, opens the valves near the extremities of the arms, and flies 
out with a velocity nearly equal to that of the extremities of the 
said arms. The theory of this pump may beseem in arts. 537, 
538, of our first volume. 

CHUCK, UNIVERSAL. See tuening-. 

^ CHUR N , a welLkiiown vessel in which butter, by long and 
violent agitation, is separated from the serous part of the milk. 

The inferiority of the churns in common use has induced 
several ingenious mechanics to exert their skill in contriving 
others that would render the process of making butter less 
tedious and expensive. Of these, one of the most valuable is 
Mr. Will lam improved churn, with which the Society 

for the Encouragement of Arts, &c. were so well satisfied as to 
present the inventor with thirty guineas. As it renders the 
operation of churning far less fatiguing, and has, besides, some 
peculiar advantages, we shall subjoin a description. 

This churn is of the barrel kind, being a cylinder 18 inches 
in diameter, and 9 wide; the sides are of wood, and the rim a 
tin plate, which has two openings, one 8 1- inches in length, and 
4 in width, through which the cream is poured into the churn, 
and the hand introduced for cleaning it; the other a short 
pipe, one inch in diameter, by which the butter-milk runs out of 
the churn when the operation is finished. The first of these 
openings has a wooden cover, fastened down by two screws ; 
and the other a cork fitted to it, while the butter is churning. 
There is further, near the larger opening, a small vent-hole with 
a peg to admit the passage of any air that may be discharged 
from the cream at the beginning of the operation. An axle also 
passes tlirougli the churn, terminating in two gudgeons, on which 
it^ hangs; its lower part being immersed in a trough, in order 
to hold occasionally either hot or cold water, according to the 
season of the year. On the inside of the rim are four project- 
ing pieces of wood, with holes serving to agitate the cream by 
the motion of the churn. The movement is caused by a pen- 
dulum 3 feet 6 inches long, that has an iron bob weighing lOibs. 
and at its upper end a turning pulley 10 inches in diameter, from 
wdiich a rope goes twice roum! another pulley about 8 inches 
in diameter fixed on the axis of tlie churn, which it causes to 
make a partial revolution by each vibration of the pendulum. 
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There are likewise slidiog covers to the machinery, anti an- 
other to the water trough ; in order when hot water is used, m 
secure the steam, and keep the cream in a proper degree of 
warmth. The motion of the pendulam is given and continued, 
by meansof a wooden rod about § feet 9 inches in length, which 
turns on a pin 3 inches above the bob of the pendulum. If 
there be a transverse handle at the upper end of this wooden 
rod, a boy may give motion to the churn with great facility, 
even while sitting; the action being then much like that of 
rowing, one of the most advantageous methods of applying 
human force. 

AA, fig 8, pi. NIL is the body, b, an opening by which the 
cream is put on. c, the cover of the large opening : the small 
bole on the opposite side of the churn cannot be shown in this 
view. I), the gudgeon on which the body of the churn hangs. 
E, the upper or larger pulley, f, the smaller pulley fixed on the 
axis or gudgeon of the churn, gg , the rod of the peodulom 
hanging from the upper pulley e. h, the bob of the pendulum. 
IT, the handle, moveable on a pin at a. by w’hich the pendulum 
is moved to and fro, making a traverse in form of the dotted 
line KK. L, the trough for the hot or cold water, m, a pro- 
jecting piece of wood, with a shoulder, by which the handle i 
is supported when the churn is not at w^ork. 

CLOCK, a machine now constructed in such a manner, and 
so regulated by the uniform motion of a pendulum, as to mea- 
sure lime, and all its subdivisions, with great exactness. Before 
the invention of the pendulum, a balance, not unlike the fly of a 
kitchen-jack, was used instead of it. Clocks were at first called 
nocturnal dials, to distinguish them from sun-dials, which 
showed the hour by the shadow of the sun. 

The invention of clocks with wdieels is ascribed to Pacificus, 
archdeacon of Verona, in the 9th century, on the credit of an 
epitaph quoted by Ughelli, and borrow^ed by him from Pan- 
vinius. Others attribute the invention to Boethius, about the 
year 510, 

Mr. Derham, however, makes clock-work of a much older 
date ; ranking Archimedes’s sphere, mentioned by Claudian, 
and that of F osidonius, mentioned by Cicero, among machines 
of this kind ; not that either their form or use was the same 
with those of ours, but that they had their motion from some 
hidden weights or springs, with wheels or pulleys, or some such 
clock-work principle. 

In the Dm^uhitioncs Monasiica: of Benedictus Flaeften, 
published in the year 1644, he says, that clocks were invented 
by Silvester the 4tb, a monk of his order, about the year 998, as 
I)ithmarus and Bozius have shown ; for before that time they 
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liad nothing but sun-dials and clepsydras to sliow the hour.— 
Conrade Gesner, in bis Epitome, page 604, says, that Richard 
Wallingford, an English abbot of St, Alban^ who flourished 
in the year made a wonderful clock by a most excellent 
art, tlte like of which could not be produced by all Europe. — 
jMoreri, under the word Horologe du. Palais, says, that Charles 
the Fifth , called the wise, king of France, ordered at Paris the 
first large clock to be made by Henry de Vie^whom he sent 
for from Germany, and set it upon the tower of his palace in 
the year 1372, — ^John Froissart, in his Histoire 4* Chronique^ 
vol. 2, chap. £8, says, the duke of Bourgogne had a clock 
which sounded the hour, taken away from the city of Coui- 
tray in the year 1382 : and the same thing is said by William 
Paradin in his Annals de Bourgogne^ 

Clock-makers were first introduced into England in 1368, 
%vhen Edward the Third granted a licence for three artists to 
come over from Delft, in Holland, and practise their occupa- 
tio!i in this country. 

I'he water-clocks or clepsydrae, and sun-dials, have both a 
much better claim to antiquity. The French annals mention 
one of the former kind, sent by Aaron, king of Persia, to 
Chariemagne, about the year 807, which it would seem bore 
some resemblance to the modern clocks: it w^as of brass, and 
showed the hours by 12 little balls of the same metal, which at 
the end of each hour fell upon a bell, and made a sound. There 
were also hgures of 12 cavaliers, which at the end of each 
hour came out through certain apertures or windows in the 
side of the clock, and shut them again, &c. 

The invention of pendulum clocks is owing to the happy in- 
dustry of the 17th century ; and the honour of that discovery is 
disputed between Galileo and Fluygens. The latter, who wrote 
an excellent voluiiie on the subject, declares it was first put in 
practice in the year i 6o7, and the description of it printed in 
1658. Becher, De ’Nova Temporis dlmeiiendi Theoria^ a /.no 
1680, contends for Galileo; and relates, 'though at second- 
hand, the whole history of the invention ; adding, that one 
Trefler, clock-maker to the father of the then grand-duke of 
Tuscany, made the first pendulum clock at Florence under the 
direction of Galileo Galilei, a pattern of which was brought to 
Holland. A nd the Academy del Cimento says expressly, that 
the application of the pendulum to the movement of a clock 
was first proposed by Galileo, and put in practice by his son 
¥incen^ Galilei in 1649. But wdioever may have been the 
inventor, it is certain that the invention never flourished till it 
came into the hands of Huygens, who insists on it that, if ever 
Galileo thought of such a thing, he never brought it to anjde- 
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give of perfection. The first pendulum clock made in Engltmcl 
was in the jear 1662, by one Fromantii, a Dutchman. 

After this brief sketch of the history of clocks, which may be 
interesting to soineof oiir readers, we shall give a description of 
a modern clock according to the most approved construction. 
The first figure of plate VIII. is a profile of such a clock ; p is 
a weight which is suspended by a cord that winds about the 
cylinder or barrel c, which is fixed upon the axis a ; the 
pivots, 6, 6, go into holes made in the plates ts, ts, in which 
they turn freely. These plates are made of brass or iron, and 
are connected by means of pillars, z, z; the whole toge- 
ther being called tbe^fmme. The weight p, if not restrained, 
would necessarily turn the barrel o, with an uniformily accele- 
rating motion, in the same manner as if thew'eight w^ere falling 
freely. But the barrel is furnished with a rachet-wheel, x, k, 
the right side of ivliose teeth strikes against the click, which is 
iixecl with a screws to the wheel dd, as represented in fig. S ; so 
lliat the action of the weight is communicated to the wheel bd, 
tlie teeth of which act upon the teeth of the small wheel wdiich 
turns upon the pivots e, c. The communication or action of 
one wheel with another is called the pifehing * la small wdieel 
life d is called a pbmmy and its teeth are callM leaves of the 
pinion. Several things are requisite to form a good pitching, 
the advantages of which are obvious in all machinery where 
teeth and pinions are employed. The teeth and pinion-leaves 
should be of a proper shape, and perfectly equal among them- 
seives : tlie size also of the pinion should be of a just propor- 
tion to the wheel acting into it. 

The wlieel ee is fixed upon the axis of the pinion c?; and the 
motion communicated to the wheel j>d by the weight is trans- 
mitted to the pinion J, consequently to the wheel ee, as like- 
wise to the pinion c and wheel fe, which moves the pinion /,* 
upon the axis of which the crown or balance-wheel gh is fixed. 
The pivots of the pinion ^/play in holes of the plates lm, which 
are fixed horizontally to the plates ts. In a word, the motion 
begun by the weight is transmitted from the wheel gh to the 
palettes ik, and by means of the fork ux riveted on the pa- 
lettes, communicates motion to the pendulum ab, which is 
suspended upon the hook a. The pendulum a b describes, 
round the point a, an arc of a circle alternately going and re- 
turning. If then the pendulum be once put in motion by a 
push of the hand, the weight of the pendulum at b will make 
it return upon itselt^ and it will continue to go alternately back- 
w'ard and forward till the resistance of the air upon the pendu- 
ium, and the friction at the point of suspension at a, destroys 
the origiiial impressed force. But as at every vibration of the 
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pendulum the teeth of the balance-wheel on act so opon the 
palettes ik (the pivots upon the axis of these palettes play in 
two holes of the potence s f), that after one tooth h has com- 
municated motion to the pallete k, that tooth escapes ; then the 
opposite tooth a acts upon the pallette i, and escapes in the 
same manner; and thus each tooth of the wheel escapes the pa- 
lettes IK, after having communicated their motion to the palettes 
in such a manner that the pendulum, instead of being stopped, 
continues to move. The wheel ee revolves in an hour ; the 
pivot e* of this wheel passes through the plate, and is continued 
to r ; upon the pivot is a wheel nn, with a long socket fastened 
in the centre ; upon the extremity of this socket r, the minute- 
hand is fixed. The wheel nn acts upon the wheel o ; the 
pinion of which p acts upon the wheel fixed upon a socket 
which turns along with the wheel n. This wheel makes 
its revolution in 12 hours, upon the socket of which the hoar- 
hand is fixed. 

From the above description it is easy to see, 1. That the 
weight p turns all the wheels, and at the same time continues 
the motion of the pendulum. 2. That the quickness of the 
motion of the wheels is determined by that of the pendulum, 
S. That the wheels point out the parts of time divided by the 
uniform motion of the pendulum. 

When the cord upon which the weight is suspended is en- 
tirely run down from off' the barrel, it is wound up again by 
means of a key, which goes on at the square end of the arbor 
at a, by turning it in a contrary direction from that in which 
the weight descends. For this purpose the inclined side of the 
teeth of the wheel k (fig. £.) removes the click c, so that the 
ratchet-wheel r turns while the wheel d is at rest; but as soon 
as the cord is wound up, the click falls in between the teeth of 
the wheel n, and the right side of the teeth again act upon the 
end of the click, which obliges the wheel o to turn along with 
the barrel; and the spring a keeps the click betw^een the teeth 
of the ratchet-wheel R. 

We shall now explain how time is measured by the motion 
of the pendulum; and how the wheel e, upon the axis of which 
the minute-hand is fixed, makes but one precise revolution in an 
hour. The vibrations ofa pendulum are performed in a shorter 
or longer time in proportion to the length of the pendulum it- 
self. A pendulum of 39 1- inches in^ length makes 3600 vibra- 
tions in an hour: L e. each vibration is performed in a second of 
time, and for that reason it is called a second pendulum, 3iit 
a pendulum of 9|| inches makes 7200 vibrations in an hour, or 
two vibrations in a second of time, and is called a half-second 
in constructing a wheel whose revolution 
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most be performed hi a given time, the time of the vibralioiis 
of the pendulum which regulates its motion must be considered. 
Supposing, then, that the pendulum ab makes 7C00 vibrations 

10 an hour, let us consider how the wheel e shall take up an 
hour in making one revolution. This entirely depends on the 
siomber of teeth in the wheels and pinions. If the balance- 
wheel consists of 30 teeth, it will turn once in the time that the 
peiKiulum makes 60 vibrations : for at every turn of the wheel 
the same tooth acts once on the palette i, and once on the pa- 
lette K, which occasions tw^o separate vibrations in the pendu- 
lum; and the wheel having 30 teeth it occasions twice 30, or 
60 vibrations. Consequently this wheel must perform 120 re- 
volutions in an hour ; because 60 vibrations, which it occasions^ 
at every revolution, arecontamed 120 times in 7200, the num- 
ber of vibrations performed by the pendulum in an hoar. Now^, 
in order to determine the number of teeth for the wheels kf, 
and their pinions it must be remarked that one revolution of 
the wheel e must turn the pinion e as many times as the nomber 
of teeth in the pinion is contained in the number of teeth in the 
wheel. Thus, if the wheel e contains 72 teeth, and the pinion 
c 6, the pinion will make 12 revolutions in th^ time that the 
wheel makes I ; for each tooth of the wheel Anvcs forward a 
tooth of the pinion, and when the 6 teeth of the pinion are 
moved, a complete revolution is performed; but tl'.c wheel e 
has by tiiat time only advanced 6 teeth, and has still 66 to ad- 
vance before its revolution be completed, which will occasion 

1 1 more revolutions of the pinion. For the same reason the 
wheel F having 60 teeth, and the pinion 6, the pinion will 
make 10 revolutions while the wheel pei forms I. Now, the 
wheel p being turned by the pinion makes 12 revolutions for 
one ot the wheel e*; and the pinion y* makes 10 revolutions for 
one of the wheel f; consequently the piniony' performs 10 times 
12, or 120, revolutions in the time the wheel e performs one. 
But the wheel g, which is turned by the pinion yj occasions 60 
Vibrations in the f pendulum each time it turns round ; conse- 
queiitly the wheel G occasions 60 times 120, or 7200, vibrations 
ol the pendulum while the w’hcei e perforins but one revolution; 
but 7200 is the number ol vibrations made by the pendulum 
in an houi^ and consequently the wheel e p;ei*forms but one 
revolution in an hour ; and so of the rest. 

irom this reasoning it is easy to discover how a clock mav 
be made to go for any length of time without being wound ii{y, 
1; By mcreasing the number of the teeth in the wheels. 2. Bv 
dimiinshmg the number of teeth in the pinions. 3. By increas- 
ing the lejigth of t!ie cord that suspends the weight. 4 . Bv in- 
creasing the Jeagth of the pendulum. And, 7'. Bv adding to tiie 
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number of wheels and pinions. But in proportion as the time 
is augmented, if the weight continues the same, the force which 
it communicates to the last wheel gh will be diminished. 

It only remains to take notice of the number of teeth in the 
wheels which turn the hour and minute-hands. The wheel E 
performs one revolution in an hour; the wheel nn, which is 
turned by t!ie axis of the wheel e, must likewise make only one 
revolution in the same time; and the minute-hand is fixed to 
the socket of this \\ heel. The wheel N has 30 teeth, and acts 
upon the wheel o, which has likewise *30 teeth, and the same 
diameter; consequently the wheel o takes an hour to a revolu- 
tion ; now the wheel o carries the pinion whi'. li lias 6 teeth, 
and which acts upon the wheel qq of 1% teeth ; consequently 
the pinion p makes 12 revolutions while the wheel qq makes 
one, and of course the wheel §^ 5 ^ takes 12 hours to one revolu- 
tion ; and upon the socket of this wheel the hourband is fixed. 
Much that has been said here concerning revolutions of wheels, 
&c, is equally applicable to watches as to clocks. 

But it is time to speak of the striking part; in which, indeed, 
as well as the other part of a clock, there is room for great va- 
riety and choice in the construction. The wheels usually com- 
posing this part are, the great or first wheel, which is moved 
by the weight or spring at the barrel, in sixteen or thirty-hour 
clocks; tins has usually pins, and is called the qnn-zcfheel: in 
eight-day pieces the second wheel is commonly the pin-wheel 
or striking-wheel, which is moved by the former. Next to the 
striking-wheel is the detent-wheel, or hoop- wheel, having a 
hoop almost round it, wherein is a vacancy at which the clock 
locks. The next is the third or fourth wheel, according to its 
distance from the rest, called the zmrniNg-zoheeL The last is 
the flying pinion, with a fly or fan to gather air, and so bridle 
the rapidity of the clock’s motion. To these must be added the 
pinion of report; which drives round the locking-wheel, called 
also the count-wheel ; ordinarily with eleven notches in it, iin- 
equaliy distant, to make the clock strike the hours. Besides the 
wheels, to the clock part belongs the rash or ratch ; a kind of 
wheel with twelve large fangs, running concent rical to the dial- 
wheel, and serving to lift up the detents every hour and make 
the clock strike: the detents or stops, which being lifted up and 
let fall, lock and unlock the clock in striking ; the harnmer, 
which strikes the bell; the hammer tails, by which the striking 
pins draw back the hammers; latches, w' hereby the work is 
lifted up and unlocked ; and lifting-pieces, which lift up and 
unlock the detents. 

In the year 1803 the Society for the Encouragement of Arts, 
8cc. assigned to Mr. John Prior of Nessfiekl, Yorkshire, a 
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reward of 30 ^uine.^ on account of his contrivance for the 
striking part ot an eight-day clock. As this invention is likely 
to b’3 useful, we shalF describe it here. It consists of a wheel 
and fly, wiih six turns of a spiral line, cut upon the wheel for 
the purpose of counting the hours. The pins below this spiral 
elevate the hammer, and those above are for the use of the de- 
tent, This single wheel serves the purpose of count-wheel, pin- 
wheel, detent- wheel, and the fly-wheel, and has six revolutions 
in striking the 12 hours.^ If we suppose a train of wheels and 
pinions used in other striking parts to be made without error, 
and that the wheels and pinions would turn each other without 
shake or play; then, allowing the above supposition to be true 
(though every mechanic knows it is not), Mr. Prior’s strikin<r 
part would be found six times superior to others, in striking the 
hours 1, 2, 5, 7, 10, 11 ; twelve times superior in strikino- 4, 6 
8; and eighteen times, in striking 3, 9, and 12. In strikfo<r Q 
the inventor purposely made an imperfoction equal to the space 
of three teeth of the wheel; and, in striking 0, an imperfection 
of nine or ten teeth vand yet both these hours are struck per- 
fectly correct. Ihe flies in clocks turn round, at a mean, aLut 
sixty times for every knock of the hammer, but this turns round 
only three times for the same purpose; and suppose the pivots 
were ot equal diameters, the influence of oil on them would be 
as the nunfoer of revolutions in each. It would be better for 
docks if they gave no warning at all, but the snail-piece to 
raise a weight somewhat similar to the model Mr. P. sent for 

the inspection of that respectable Society. 

Beference to Me. Peior’s Striking Fart of his Clock. 

n, the spiral work of the wheel a. The black snots show 
the grooves into which the detents drop on striyngX hour 
E the groove into winch the locking-piece e drops when it 

ofX^iflral hfS to the outward 

parts of thespiial in the progressive hours, being thrown out bv 

“PP^r detent f being pmnpS 

off with the locking-piece f, from the pins in the wlieel a.^ 

In striking the liour of the Iockino--piece havino- 

arrived at the outer spiral at h, rises up an iriclineT£ne and 

through .h. differoM houSSTfeo” 


CUIUOUS CLOCKS* 


15S 


I 5 the hammer-work made ia the common way, which is 
worked by thirteen pins on the face of the spiral* 

Fig 2. — K, the thirteen pins on the face of the spiral, which 
W'ork the hammer-work. 

L, the outer pins, which lock the detent. 

My the pump-spring to the detent. 

For other information respecting clock-work, see the articles 
Balance, Pendulum, and Scapement, in this volume. 

Some very simple contrivances for clocks, by Mr. Ferguson, 
and Dr. Franklin, may be seen in Fergusotfs Select E^ercwes. 

In the fourth century an artist named James Dondi con- 
structed a clock for the city of Padua, which was long considered 
as the wonder of that period. Besides indicating the hours, it 
represented the motion of the sun, moon, and planets, as well 
as pointed out the different festivals of the year. On this ac- 
count Dondi obtained the surname of Horologio, which became 
that of his posterity. A little time after, William Zelander 
constructed for the same city a clock still more complex 5 which 
was repaired in the sixteenth century By Janellus Turrianus, 
the mechanist of Charles V, 

But the clocks of the cathedrals of Strasburgh and of Lyons 
are much more celebrated. That of Strasburgh was the w^ork 
of Conrad Dasypodius, a mathematician of that city, who 
finished it about 1 573* The face of the basement of this clock 
’ . exhibits three dial-plates; one of which is round, and consists 

of several concentric circles; the two interior ones of which 
perform their revolutions in a year, and serve to mark the days 
of the year, the festivals and other circumstances of the calendar. 
The two lateral dial-plates are square, and serve to indicate the 
: eclipses both of the sun and the moon. Above the middle dial- 

j plate, and in the attic space of the basement, the days of the week 

I are represented by different divinities supposed to preside over 

) the planets from which their common appellations are derived. 

The divinity of the current day appears in a car rolling over the 
clouds, and at midnight retires to give place to the succeeding 
one. Before the basement is seen a globe, borne on the wings 
of a pelican, around which the sun and moon revolved ; and 
which in that manner represented the motion of these planets : 
but this part of the machine, as well as several others, has been 
deranged for a long time. The ornamental turret, above this 
basement, exhibits chiefly a large dial in the form of an astro- 
labe; which shows the annual motion of the sun and moon 
through the ecliptic, the hours of the day, &c. The phases of 
? the moon are seen also marked out on a particular dial-plate 

above. This work is remarkable also for a considerable assem- 
blage of bells and figures, which perform different motions. 
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Above the dial-plate last mentioned, for example, the four ages 
of man are represented by symbolical figures : one passes every 
quarter of an hour, and marks the quarter by striking on small 
bells; these figures are followed by Death, who is expelled by 
Jesus Christ risen from the grave : who, however, permits it to 
sound the hour, inorderto warn man that time is on the wing. 
Two small angels perform movements also ; one striking a bell 
with a sceptre, while the other turns an hour-glass at the expira- 
tion of an hour. In the last place, tliis work was decorated wnth 
various animals, which emitted sounds similar to their natural 
voices ; but none of them now remains except the cock, which 
crows immediately before the hour strikes, first stretching out 
its neck and clapping its wings. Indeed it is to be regretted 
that a great part of this machine is now entirely deranged. 

The clock of the cathedral of Lyons is of less size than that 
of Strasburgh, but is not inferior to it in the variety of its move- 
ments; it has the advantage also of being in a good condition. 
It is the work ofLippius de Basle, and w^as exceedingly well re- 
paired in the last century by an ingenious clock-maker of Lyons, 
named Nourisson. Like thatof Strasburgh, it exhibits on differ- 
ent dial-plates the annual and diurnal progress of the sun and 
moon, thedays of the year, their length, and the wdiole calendar, 
civil as well as ecclesiastic. The days of the w^eek are indicated 
by symbols more analogous to the place where the clock is 
erected; the hours are announced by the crowing of a cock, 
three times repeated after it has clapped its wings and made 
various other movements. When the cock has done crowing, 
angels appear, who, by striking various bells, perform the air oil: 
a hymn ; the annunciation of the Virgin is represented also by 
moving figures, and by the descent of a dove from the clouds; 
and after this mechanical exhibition tbe hour strikes. On one 
of the sides of the clock is seen an oval dial-plate, w’here the 
hours and minutes are indicated by means of an index, which 
lengthens or contracts itself, according to the length of the 
semi-diameter of the ellipsis over which it moves. 

A very curious clock, the work of Martinet, a celebrated 
clock-maker of the seventeenth century, was formerly to be 
seen in the royal apartments at Versailles. Before it struck the 
hour, two cocks on the corners of a small edifice crowded alter- 
nately, clapping their wings: soon after two lateral doors of the 
edifice opened, at which appeared two figures bearing cymbals, 
beat upon by a kind of guards with clubs. hen these" figures 
had retired, the centre door was thrown open, and a pedestal, 
supporting an equestrian statue of Lewis XIV. issued from it, 
while a group of clouds separating, gave a passage to a figure 
of Fame, which came and hovered over the statue. An air was 
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ihea performed by bells: after which (he two figures re-entered ; 
the two guards raised up their ciubs, which tliey had lowered 
as if out of respect for the presence of the king, and the hour 
was then struck. 

While, however, we have thought it right to describe these 
ingenious performances^ of foreign artists, we must not neglect 
to'mention the equally ingenious workmanship of some of our 
own countrymen. We now refer to tw^o clocks made by En- 
glish artists, as a present from the East4ndia Company to the 
emperor of China. 1 liese two clocks are in the form of chariots, 
ill each of which a lady is placed in a fine attitude, leaning her 
right hand upon a part of the chariot, under which appears a 
clock of curious w^orkmanship, little larger than a shilling, that 
strikes and repeats, and goes for eight days. Upon the lady’s 
finger sits a bird, finely modelled, and set with diamonds and 
rubies, with its wings expanded in a flying posture, and actually 
flutters for a considerable time on touching a diamond buttoir 
below it : the body of the bird, in which are contained part of 
llie wheels that animate it as it were, is less than the I6th part 
of an inch. The lady iiolds in her left hand a golden tube little 
thicker than a large pin, on the top of which is a small roinicl 
box, to whicli is fixed a circular ornament not larger than a 
sixpence, set with diamonds, which goes round in near three 
hours in a constant regular motion. Over the lady’s head is a 
double umbrella, supported by a small fluted pillar not thicker 
than a quill, and under the larger of which a bell is fixed, at 
a considerable distance from the clock, with which it seems to 
have no coniiexiou ; but from which a communication is se- 
cretly conveyed to a hammer, that regularly strikes the hour^ 
and repeats the same at pleasure, by touching a diamond button 
fixed to the clock below. At the feet of the lady is a golden 
dog. 

COINAGE, or Coining, the art or act of making money. 

Coining is either performed by the hammer or the mill. 
The first method is now little used in Europe, especially in 
England, France, &c. though the only one known till the 
year 1553, when a new machine, or coining-mill, invented by 
an engraver, one Antoine Brucher, was first tried in the 
French king’s palace at Paris, for the coining of counters: 
though some attribute the invention of the null to Varin, a 
famous engraver, who, in reality, was no more than an im- 
prover of it ; and others to Aubrey Olivier, who had only the 
inspection of it 

The mill has met with various fate since its first invention ; 
being now used, and again laid by, and the hammer resumed ; 
but it has at length got that ibotiiig, by the neatness and per- 


156 


MACHINES- 


fection of the species struck with it, that tlierc appears no great 
probability of its ever being again disused. 

In either kind of coining, the pieces of metal are stamped or 
struck with a sort of puncEions or dyes, wherein are engraven 
the prince's effigies, with the arms, legends, &c. 

Coiniftg hy the mill^ or milled money . — The bars or plates 
being taken out of the mould, and scraped and brushed, arc 
passed several times through a mill, to flatten them further, 
and bring them to the just thickness of the species to be 
coined ; with this difference, however, that the plates of gold 
are heated again in a furnace, and quenched in water, before 
they undergo the mill ; which softens and renders them more 
ductile : whereas those of silver pass the mill just as they are, 
without any heating ; and when afterwards they are heated, 
they are left to cool again of themselves, witliout water. 

The plates, whetlier gold, silver, or copper, thus reduced as 
near as possible to their thickness, are cut into round pieces, 
called blanks or planchets, near the size of the intended spe- 
cies, witli a cutting instrument fastened to the lower extremity 
of an arbor, whose upper end is formed into a screw ; which, 
being turned by an iron handle, turns the arbor, and lets the 
steel, well sharpened, in form of a punch-cutter, fail on the 
plates; and thus is a piece punched out. 

These pieces are now given to be adjusted, and brought by 
filing, or rasping, to the weight of the standard, whereby they 
are to be regulated : and what remains of the plate between 
the circles is melted again, under the denomination of sizeL 

The pieces are adjusted in a fine balance : and those which 
prove too light are separated from those too heavy \ the first 
to be melted again, and the second to be filed down. For it 
may be observed, that the mill through which the plates are 
passed can never be so just but there will be some inequality, 
whence will arise a diflFerence in the blanks. And this in- 
equality, indeed, may be owing to the quality of the matter 
as well as of the macnine; some parts being more porous than 
others. 

When the blanks are adjusted they are carried to the blanch- 
ing or whitening-house, i. e. the place wdiere the gold blanks 
have their colour given them, and the silver ones are whitened ; 
which is done by heating them in the furnace, and, when taken 
out and cooled, boiling them successively in two copper vessels, 
with water, common salt, and tartar : and, after that, scouring 
them well with sand, and washing them with common water, 
drying them over a wood fire, in a copper sieve, wherein they 
are put when taken out of the boilers. 

Formerly tlie planchets, as soon as blanched, were carried 
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to the piesSj to be stiuck, and receive their impressions ; but 
now they are first marked with letters or ^raining on the 
edges, to prevent the clipping and paring of tfc species, which 
is one of the ways wherein the ancient money used to be da- 
maged. The machine used to mark the edges is veiy simple, 
yet ingenious; it consists of two plates of steel, in form of 
rulers, about the thickness of a line, on which the legend or 
edging is engraven, half on the one, and half on the other. 
One ot these plates is immoveable, being strongly bound with 
screws to a copper plate; and that again to a strong board, or 
table: the other is moveable, and slides on the copperplate 
by means of a handle, and a wheel, or pinion of iron, the 
teeth whereof catch in a kind of other teeth, on the surface of 
the sliding plate. Now, the planchet, being placed horizon- 
tally between these two plates, is carried along by the motion 
of the moveable one ; so as by that time it has made half a 
turn, it is found marked all round. See fig. 1. pi. XlV. 

ihis machine is so easy, that a single man is able to mark 
twenty thousand planchets in a day. Savang pretends it was 
invented by the Sienr Castagin, engineer to the French king, 
and first used in 1685. But it is certain we had the art of 
lettering the edges in England long before that time; witness 
the crowns and half-crowns of Oliver Cromwell struck in l658j 
which for beauty and perfection far exceed any French coins 
we have ever seen. 

Lastly, the planchets, being thus edged, are to be stamped, 
i. e. their impression is to be given them in a sort of mill, or 
press, by the french called a balaneier, invented towards the 
latter end of the sixteenth century. See its figure in fig. 2. 

pL' , , 

Its chief parts are a beam, screw, arbor, &c. all contained 
in the body of the inacliine, except the first, which is a long 
iron bar, with a heavy ball of lead at each end, and rings, to 
which are fastened cords, which give it motion : this is placed 
horizontally oyer the body of the" machine. In the middle of 
the beam is fastened a screw, which, by turning the beam, 
serves to jiress the arbor underneath it ; to the lower extremity 
of which arbor, placed perpendicularly, is fastened the dye, or 
iBatrice, of the reverse, or arm side, in a kind of box, or case, 
wherein it is retained by screws : and under this is a ho^l or 
case, containing the dye of the image-side, firmly fastened to 
the lower part of the engine, fig. 5. 

Now, when a planchet is to be stamped, it is laid on the 
image-matrice, upon which tw^o men draw, each on his side, 
one of the ropes of the beam, and turn the screw fastened in 
it ; which by this motion lowers the arbor to which the dye of 
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the arms is listened : by which means the metal, being in the 
mkldlo, at once receives an impression on each side, from 
either dye. As to the press formerly used, it has all the es- 
sential parts of a balaucier, except the beam, which is here, as 
it were, divided, and only drawn one way. 

The blanks having now all their marks and impressions, 
both on the edges and faces, become money; but they have 
not currency till they have been weighed and examined. 

For tfiC Coining ofMedab^ the progress is the same, in ef- 
fect, with that of money : the principal difference consists in 
this, that money, having but a small relievo, receives its im- 
pression at a single stroke of the engine ; whereas, for medals, 
the height of their relievo makes it ne. essary that the stroke 
be repeated several tinie.s : to this end the piece is taken out 
from between the dyes, heated, and returned again ; which 
process, in medallions and large medals, is sometimes repeated 
fifteen or twenty times, before the full impression be given; 
care being taken, every time the plancliet is removed, to take 
off the superfluous metal stretched beyond the circumference, 
with a file. 

An improvement has been lately suggested in the coining- 
press, by a Mr. Huigenan, we believe, who has introduced the 
principle of the heart-wheel both in this contrivance and in his 
universal lever. The method Mr. H. recGmmcnds may be 
understood by referring to fig. 4. pL XIY. cb is part of a 
table or plane, on which is fixed tlie box containing the dye f 
of the image side of the coin, and ca is a lever, to which is at- 
tached the dye e of the reverse side in a case retained by screws; 
and this is so posited, that by turning ca on the centre c, the 
parts 13 and f may be brought the one immediately above the 
other. G is an elliptical or heart-wheel turning upon a fixed 
centre by the handle or winch ii, and, acting upon the friction- 
wheel D, gradually forces down the end a of the lever, and 
carries with it the dye e, causing it to press very hard upon 
the metal placed on the lower dye f, at the time the extremity 
I of the elliptical wheel is in contact wdth the upper part of the 
wheel B. Then the motion of the winch proceeding, the spring 
B raises up the lever ca, and thus leaves room to remove the 
metal: place another at f, and repeat the operation. The 
whole, it is obvious, may be carried on with considerable ex- 
pedition; but whether the method is on the whole preferable 
to that before described, is what we do not here attempt to 
decide. 

In the machinery invented for coining by Boulton raid 
Watt, and lately introduced in the Slint, the screw pi-esses for 
cutting out the circular pieces of meta! are worked with great 
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facility, and both the edges and the faces of the money are 
coined at the same time, with such superior excellence and 
cheapness of workmanship as will prevent clandestine imita- 
tion. By means of this machinery four boys can strike 30,000 
pieces of money in an hour; the*" machine has this farther ad- 
vantage, that it serves as a register, and keeps an unerring ac- 
count of the number of pieces struck. An interesting descrip- 
tion of the principal parts of this machinery, with aiagrams, 
may be seen in the Mechani&s Magazine, Nos. 6% to 67, in- 
cluBive."' 

COMPASSES (beajvi), a hind of compasses used to draw 
large arcs^ and to take large extents, &c. These compasses 
consist of a straight beam or bar, of 18 inches, 2 feet or more 
in length, carrying two brass cursors ; one of these being fixed 
at one end, the other sliding along the beam, with a screw to 
fasten it on occasionally. To the cursors may be scre'wed 
points of any kind, as of steel, brass, pencils, &c. The fixed 
cursor has sometimes an adjusting or micrometer screw applied 
to it, for the more nice obtaining of extents. 

The beam is divided commonly into inches, tenths, and half 
tenths: but Mr. Walton, an ingenious mechanic, in the proof 
department of the Rojml Ai'senal, W'oolwich, has improved 
this instrument, and much extended its utility, by applying a 
nonius to its scale, which renders it fit to take distances to 
hundredth parts of an inch. Part of a beam with the addi- 
tions of Mr. Walton are shown in fig. I. pi. XVIIf. where te: 
represents more than 4 inches in length of a beam, whicli is 
made of ebony, the divisions being marked upon brass laid 
into the ebony, abcb and efgh are two brass cases which 
nearly fit the beam, and may slide to and fro upon it : these 
brass cases carry the cursors and points l and m, v/hich are 
fastened into sockets by means of screws at n and o. The 
case ABCD has tw’o screws he and a, both of which are turned 
by means of forked turn screws: the first of these screws, 5c, 
serves to move the brass case backvrards and forwards on the 
beam, in order to adjust the point l so as to correspond with 
the commencement of the divisions on die beam; and when 
that is done, the screw a, by pressing a spring, makes the 
whole fast to the beam. The other brass case efgh carries 
' the cursor and point h, as well as the moveable nonius ci ,• 
this nonius is at the extremity of a piece efghld, which is 
^ moved to and fro upon the case efgh by means of the screw 

'which is turned by the milled head the shoulders at 
P ? prevent the screw from moving either backward or 
forward with respect to the line fh, wdiile the threads of the 
screw between o and p, by taking upon the moveable piece 
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efghliy cause tlie nonius to move along the e^ige of tlte gra- 
duated scale of the beam : turning tlie head of the screw in 
the direction moves the noniiis in llie direction from k to- 
wards I on the beam ; and turning that head in the direction 
f,9r advances the nonius according to the increasing oieasiire 
upon the scale from i towards k. The screw 4 with its milled 
head p, by pressing upon a spring will at any time make the 
case EF<iH fast to the beam, and thus prevent, when necessary, 
any change of distance between l and m. Fig. 2. is a trans- 
verse section of the brass case efgh: it serves to show the 
form 1, 3, 4, 5, of the beam, bevelled off* to an edge at 4; 

also the bevel of the nonius at the dovetail at q, against 
which one shoulder of the micrometer screw presses ; and the 
piece into which the three screws I, n (fig. L) enter. 
Other parts of the construction will be suiFicieiitly obvious 
from these figures. 

CONDENSER, a pneumatic engine or syringe, by which 
an extraordinary quantity of air may be crowded or pushed 
into a given space ; so that frequently ten times as much air 
as an equal space would contain out of the engine may be 
thrown in by means of it, and its egress prevented by valves 
properly disposed. 

The condenser is m a de either of metal or of glass, and either 
in a cylindrical or globular form ; and the air "is forced into it 
by an injecting syringe. The receiver or vessel containing the 
condensed air should be made very strong, to l)ear the Ibrce 
of the air s elasticity thus increased: for which reason it is 
commonly made of brass. When glass is used it will not 
sustain so great a condensation of air; but the experiment 
will, notwithstanding, be rendered more entertaining, as the 
effect of the condensed air upon any subject put within the 
receiver may be viewed through the glass. 

CoNDEKSER Form, a n^ given by M. Prony to a 
contrivance for obtaining the greatest possible effect from a 
first mover, the energy of which is subject to augmentation or 
diminution within certain limits; and in general to vary at 
pleasure tbe resistance to which the effort of the first mover 
forms an equilibrium in any machine whatever, without chang- 
ing any part of their construction. 

The general problem in mechanics, of which this condenser 
is intended as a practical solution, is enunciated by M. Prony 
in these terms : 

Any machine being constructed, to find, without making 
any change in the construction, a means of transmitting to it 
the action of the first mover, by fulfilling the following condi- 
tions, viz. 
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1, That it may be possible at pleasure, and with great 
speed and facility^ to vary the resistance (against which the 
efforts of the first mover must continually make an equili» 
brium) in limits of any requmed extent* 

^ ^ That the resistance, being once regulated, shall be ri- 

gorously constant until the moment when it is thought proper 
to increase or diminish the same. 

3. That in the most sudden variations of which the effort 
of the first mover may be capable, the variation in velocity of 
the machine shall never undergo a solution of continuity.*^ 

M. Pi'ony applies his solution of this problem to the dynamic 
effect of wind : it will be easy to make the same general when 
the other first movers are used. 

The section and plan of the machine are exhibited in pL X IV. 
0 O represents the vertical arbor to which windmill sails are 
adapted ; eeee is an assemblage of carpentry, of which one of 
the radii, oe, bears a curved piece hd^ of iron or steel : vertical 
axes of rotation being placed round the axis oo, also 
divide the circumference in which they are found into equal 
parts. 

Each of these axes carries a curve, qfy of iron, steel, or 
copper, so situated, that when the wind acts upon the sails the 
curve bd presses against one of the curves qfi and causes the 
vertical axis to which this last curve is fixed to make a portion 
of a revolution. 

The curves bd and ^ must be so disposed, that when &£? 
ceases to press on one of the curves it shall at the same 
instant begin to act upon the following curve : the number of 
axes which are provided with these curves must be determined 
by the particular circumstances of each case; and it is also 
practicable to substitute, instead of bd^ a portion of a toothed 
wheel having its centre at the axis oo, and to place portions 
of pinions instead of the curves af; but the dispositions repre- 
sented in the figure are preferable. 

Each of these axes aaaa (which are all fitted up aHke, 
though, for the sake of clearness, only one of them has its ap- 
paratus represented in the drawing), carries upon it a drum 
or pulley #/t, on which is wound a cord that passes over a 
pulley p, and serves to support a weight a by means of the 
lever fg, upon which this weight may be slided and fastened 
at different distances from the point of motion g. 

The same axes aa pass through the pinions to which 
they are not fixed ; but these pinions carry clicks or ratchets, 
which bear ogainst the teeth rr; so that, when the weight y 
tends to rise, the ratchet gives way, and no other effect is pror 
duced on the pinion qq^ either by the motion of the axis or of 
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the drum ttrr^ excepting that which causes the ascent of the 
weight qq. But the instant that the curve or tooth M ceases to 
bear against one of the curves ajl after having caused the cor- 
responciing weight a to rise, that weight 2 tends to redescend, 
and then tim tootlied wheel rr acts against the ratchet, so that 
Q cannot descend without turning the pinion qq along with the 
drum t'r7\ 

The pinion qq takes in the wheel ^5, from the motion of 
which the useful effect of the machine immediately results ; so 
that the effect of the descent of one of the weights a is to 
solicit the wheel ab to motion, or to continue the motion in 
concurrence with all- the other w'eights q, which descend at 
the same time. This wheel ab carries beneath it oblique or 
bevelled teeth gd, which take in a like wheel ce, and cause 
the buckets at s to rise. 

From tlie preceding description it is seen that the machine, 
being supposed to start from a state of repose, the wdnd will at 
first raise a number of w^eights v, sufficient to put the machine 
into motion, and w’i II continue to raise new weights while those 
before raised are fallen ; so that the motion once impressed will 
be continued. 

Among the numerous advantages of this new mechanism we 
may remark the following : 

1, No violent shock can take place in any part of the 
mechanism. 

% The useful effect being proportioned to the number of 
weights Q, which descend at the same time, this effect will in- 
. crease in proportion as the wind becomes stronger, and causes 
the sails to turn with more velocity. 

S. The weights a being moveable along the levers fg, it will 
always be very easy to place them in such a manner as to ob- 
tain that ratio of the effort of the first mover to the resistance 
which will produce the maximum of effect. 

4. From this property it results that advantage may be taken 
of the weakest breezes of wind, and to obtain a certain product 
in circumstances under which all other windmills are in a state, 
of absolute inactivity. This advantage is of great importance, 
particularly with regard to agriculture: the windmills employed 
for watering lands are sometimes inactive for several days, and 
this inconvenience is more particularly felt in times of drought. 
A machine capable of moving with the slightest breeze must 
therefore offer the most valuanle advantages. 

CRAB or GIN, an engine used for mounting large guns on 
their carriages, &c. It is composed of three long and stout 
legs meeting together at their tops; these legs are round poles 
of about 12 or IS feet long, whose diameters at the lower ends 
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sre about four indies, five just below the roller, besides the 
cheeks that are added to them iii that plate, and about 3| inches 

above. 

Two of these poles can he fixed at a certain distance from 
each other, by means of two iron bars placed horizontally, one 
being about four feet long, the other about seven ; and a roller 
is made to run upon pivots turning on, or in, these two poles: 
this roller is commonly 7| inches in diameter, and six feet long, 
A portion of £0 inches is left square at each end, and holes 
made in each to receive the hanefspikes by which the men turn 
the roller : but the middle part is made cylindrical, to wind the 
cable upon. The transverse iron bars are fixed with one end 
to one of the poles by means of a bolt, and with the other end 
to the other pole with a bolt and key ; so as to be readily taken 
out, in order that when the gin is to be removed from place to 
place the poles may lie close together upon the carriage. There 
are two iron bands and two iron bolts to fasten each cheek 
(for the pivots) to the poles, and iron plates round the poles 
where the iron bars are fixed. Hie p^les are hooped at each 
end ; and the upper ends have straps through wdiich an iron 
bolt passes : this bolt keeps the upper ends together, as well 
as servts to support tlie iron to which the windlass is hooked. 
The windlass contains two brass pulleys, about which the cable 
goes, wdiich is fixed to the dolphins of the gun or mortar with 
another windlass, containing two brass pulleys likewise. When 
this machine is used the whole is laid flat on the ground, the 
lower end of the single pole extending the contrary way, in 
order to fasten the upper windlass after the cable has been 
turned round both : after this the upper end is I’aised gradually 
till the feet of the three poles (each of which has an iron prong) 
stand nearly at equal distances ; in such a manner as the legs 
of a theodolite or plain table, when set up for use in the practice 
of surveying, 

CRANE, a machine used in building, on wharfs, and in 
warehouses, for raising and lowering huge stones, ponderous 
w'eights, packages, &c. 

1 > Cranes, until of late years, were commonly constructed as 
follows: the principal member is a strong upright beam or 
arbor, firmly fixed in the ground, and sustained by eight arms, 
coming from the extremities of four pieces of wood laid across, 
through the middle of which passes the foot of the beam. 
About the middle of the arbor tlfe arms meet, and are mortised 
into it: its top ends in an iron pivot, on which is borne a trans- 
verse piece, advancing out to a good distance, something after 
the manner of a crane’s neck, whence the machine has its name. 
This projecting piece is now^ more conjuionly called the jib or 
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gibbet. The middle and extremities of this are again sustained 
by arms from the middle of the arbor : and over it comes a rope 
or cable, to one end of which the weight is fixed ; the other is 
wound about the spindle of a wheel, which when turned (com- 
monly by means of men walking upon the inside of the rim of 
the \vbeel) draws the rope, and that heaves up the weiglit; 
which may afterwards be applied to any side or quarter by the 
mobility of the transverse piece on the pivot. These cranes 
have usually been made of two kinds: in the first, called the 
rat-tailed crane, the whole machine w^ith the load turns upon a 
strong axis: in the second kind the gibbet alone moves on its 
axis. But in either kind, if the machinery be put into motion by 
men walking witkm the wheel, as has been till lately the nearly 
universal practice in this country, the labourers employed are 
exposed to extreme danger, and have frequently met w^ith the 
most shocking and fatal accidents. It is not then to be w^on- 
dered at, that skilful mechanists should at length have devised 
cranes that are not only more safe, but more powerful in their 
operation, than the coin nion w^alking crane : a few of the best 
■of these will be described in the present article. 

The late Mr. Ferguson invented a crane which has three 
trundles, with difierent numbers of staves, that may be applied 
to the cogs of a horizontal wheel with an upright axle; round 
which is coiled the rope that draw\s up the weight. This 
wheel has 96 cogs; the largest trundle 24^ staves, the next 1% 
and the smallest 6, so that the largest revolves 4 times for one 
revolution of the wheel ; the next 8, and the smallest 16. A 
winch is occasionally fixed on the axis of either of these trundles 
for turning it, and is applied to the one or the other according 
as the weight to be raised is smaller or larger. While this is 
drawing up, the ratch-teeth of a wheel slip round below a catch 
that falls into them, prevents the crane from turning backwards, 
and detains the weight in any part of its ascent, if the man who 
works at the winch should accidentally quit his hold, or wish to 
rest himself before the weight is completely raised. Making a 
due allovt'ance for friction, a man may raise by such a crane 
fi?om three times to twelve times as much in weight as would 
balance his effort at the winch ; viz. from 90 to 360lbs., taking 
the average labour. 

Other ingenious contrivances by Mr. Ferguson may be seen 
in his Select Exercises; but as the book is in the hands of almost 
every practical mechanic, we would rather refer to it than ex- 
tract accounts of these inventions. 


S* The crane presented in pi. VII. is a portable one, mounted 
in a wooden frame and stage, which is judged to be very useful 
for loading and unloading carts with large heavy stones. It is 
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moveable to any part of a stone-yard or ground ; the frame is 
sufficiently wide for a cart to draw under the crane, and at any 
time it may be taken to pieces. The frame aaaa is made of 
wood, is about 9 or lOfeet high, and about 9 feet square. The 
wheels bb are of iron, and are about S feet in diameter ; and 
the pinion n, that is fixed to the axis of the first wheel b, 8 
inches in diameter: on the axis of the second wheel b the axis 
round which the rope coils is fixed. Now the stones being 
corded and hooked at the end of the rope, it is very evident 
that the man at c will either raise or lower them as may be 
necessary, according as he turns the winch towards or from 
him, and in a safe and very easy manner. The advantage in 
point of power being in proportion as the product of the radii 
of the wheels to those of the pinions. 

4. Fig. 7. pi. XIL is a representation of a crane-carriage 
which Mr. Gottlieb conceives to be very useful in moving large 
stones in quarries, where carts and horses cannot be con- 
veniently or at all managed. Its principle is evident from a bare 
view of the figure. It consists only of two sets of crane-wheels 
applied to the two sets of wheels belonging to the carriage; so 
that two men, one at each winch aa, turning the pinions and 
wheels round, shall act upon the carriage-wheels and move it 
along. By their both turning forwards or backwards, the car- 
riage goes accordingly'; biit if they turn contrary ways, the 
carriage will be turned round, or partly so, as may be wanted. 
The pinion B is 6 inches in diameter, w^hich turns the wheel c 
of 3 feet diameter, on the axis of which is fixed the pinion d of 
T foot diameter, which works into two wheels e, e, of 3 feet 6 
inches diameter, that are fixed upon the carriage-wheels, and 
give motion to the whole machine. 

5. Mr, Abraham Audrem^ of H igham Ferrers, in Northamp- 
tonshire, has invented a crane which weighs the body suspended 
at the time it is raising: an improvement for which the Society 
for the Encouragement of Arts, &c. granted him a premium of 
15 guineas. This crane is shown in fig. 3, pL IX. The jib of 
the crane stands on a horizontal beam, moveable on a centre at 
a ; and the distance of the centre a, from the bearing of the 
uprigh tv being to the distance b, in proportion of i to 20, the 
weight placed at b determines that of the body suspended in 
the same proportion, c is a stub, or piece of wood, which 
projects from the weight hanging at the end of the jib, and 
serves to prevent the beam from rising to too great a height. 

This jib should be placed in the same verticm plane with the 
part BA of the crane, at thetime the weight is adjusted; other- 
wise it will occasion a friction which may prevent the moveable 
beam from playing freely . The other parts of the crauc are so 
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obvious in their construction as not to require a more 
description. 

6- The society just mentioned have lately voted 40 guineas 
to Mr. Robert Hall^ jun. of Basford, near Nottingham, for Ms 
ingenious invention of a method to expand a set of bars parallel 
to the axis of a crane, by vvhich means the velocity of the rope 
in raising weights may be increased or diminished in propor- 
tion to the load to be raised. 

A description and engraving of this crane are given in the 
twelfth volume of the Society’s Transactions, from which we 
have drawn up the following account of it: 

The ends of the reel (fig Land 5. pL XJII.) consist each of 
two flat plates or circular pieces, shown sepai'ately in fig. £* 
and 3. I'hesc circular plates form the two ends of the reel, 
and are held fost on the spindle or axis by pins passed through 
its ends, of which one may be seen at fig. C- and another in 
the end shown in fig. 5. The outer circular plate (fig. 3 ) of 
each end of the reel has a spiral groove cut in it, as shown at 
h\ and the inner circles have each eight mortices cot quite 
through them, as showm at c. fig. 2. (seen partly also in fig. L 
and 5.). The outer plates have also an iron tube, made 
fast to them by means of a flange or collar, and the screws Cf, 
%• 

When the parts are all joined (as showm in fig. 1,), the axis 

passes through the tube and thus the ends are connected. 
In fixing the cross bars, two of which are shown detached in 
fig. 4., the parts gg* slide in the mortices c of the inner circular 
plates, and the small ends or tenons hh go fairly through the 
inner and enter the spiral grooves of the outer plates. 

The inner and outer circular plates are locked together by a 
catch (?, fig. 1. and 6.) the stationary part of which is made 
fast to the inner plate (see fig. S.), w’bile the catch itself, by 
means of a spring, is kept in a notch on the edge of the outer 
plate. When the diameter of the reel is to be enlarged or dimi- 
nished, it is effected by bringing the reel round to the position 
shovvn in fig. 6, when a hook k is put into a hole /, which keeps 
the inner circular plate in that position till the adjustment is 
made by lifting the catch from the notch of the outer end-plate 
far enough to be kept disengaged by the hook Z;, before men- 
tioned, being thrust quite through the hole the handle m 
being then turned, the outer plate only is carried round, and 
the tenons or small ends of the cross bars (being prevented 
from being carried round with it, by the mortices of the inner 
plates through wdiich they pass being stationary) are obliged 
to change their distance from the axis by the spiral groove 
sliding over them, while they are able to move nearer or fur- 
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Iher from the axis by sliding in radkl mortices of the inner 
end plate. 

The handle m being turned till the reel is of the size required, 
the hook k is withdrawn or pushed out, and the crane is then 
ready for work. 

It is necessary to observe that the tenons hh must be cut, so 
that the outside of all the bars next the ri pe shall beat an equal 
distance from the centre. If the tenon of the first bar that is 
placed in the reel be cut like the tenons hhj fig. 4. the last of 
them must be cut the same as the tenons mi, fig. 4. ; and all 
the other tenons, at the extremities of the several bars, must be 
at proper distances betw'een these extremes, as is shown by the 
dots p in the mortices fig. £. 

The other parts pf the crane may be so easily understood 
from an inspection of the engraving, that any further descrip- 
tion is unnecessary. (Phil, Mag. No. 7 1.) 

7. But the several cranes described in this article as prefer- 
able to the common walking-crane, while they are free from 
the dangers attending that machine lose at the same time one 
of its advantages; that is, they do not avail themselves of that 
addition to the moving power which the weig/it the men 
who are employed may furnish. Yet this advantage has been 
long since ensured by the mechanists on the continent, who 
cause the labourers to walk upon an inclined plane, turning 
upon an axis, after the manner shovn in the figure referred to 
under the article where we have described a contri- 

vance of that kind, well-knowm in Germany full 170 years ago. 
The same principle has been lately brought into notice, pro- 
^bably without knowing it had ever been adopted before, by Mr, 
James Whyte^ of C hevening, in Kent : his crane is exhibited 
in fig, 3. and 4. pi. X. as it was described in the Transactions 
of the Society for the Encouragement of Arts. 

A (fig. 3.) is a circular inclined plane, moving on a pivot 
underneath it, and carrying round with it the axis e. A person 
walking on this plane, and pressing against the lever e, throws 
off* the gripe D, by means of an iron rode; and thus admits 
the plane and its axis to move fi'eely, and raise the weight g by 
the coiling of the rope F round the axis E. 

To show more clearly the construction and action of the lever 
and gripe, a plan of the circular inclined plane, with the lever 
and gripe, is added (see fig. 4.), w^here b i^presents the lever, b 
the spring or gripe. In this plan, when the lever b is in the 
situation in which it now appears, the spring or gripe o presses 
against the periphery of the plane, as shown by the double line; 
and the machine cannot move ; but when the lever B is pressed: 
out to the dotted line h the gripe is also thrown off to the- 
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dotted line 1, and the whole machine left at liberty to move. 
Otie end of a rope or cord, of a proper length, is fixed near tlm 
end of the lever b, and the other end made fast to one of the 
uprights, serving to prevent the lever moving too far when 
pressed by the man. 

The supposed properties of this crane, for which the premium 
of 40 guineas was adjudged by the society to the inventor, are 
as follow: 

1. It is simple, consisting merely of a wheel and axle. It 
has comparatively little friction, as Is obvious from the bare 
inspection of the figure. S, It is durable, as is evident from 
the two properties Aove-mentioned. 4. It is safe; for it can- 
not move but during the pleasure of a man, and while he is 
actually pressing on the gripe-le ver. 5. This crane admits of an 
almost infinite variety of diiFerent powers, and this variation is 
obtained without the least alteration of any part of the machine. 
If, in unloading a vessel, there should be found goods of every 
weight, from a few hundreds to a ton and upw^ards, the man 
that does the work will be able so to adapt his strength to each 
as to raise it in a space of time proportionate to its weight ; he 
walking alw'ays with the same velocity as nature and his greatest 
ease may teach him. 

It is a great disadvantage in some cranes, that they take as 
long time to raise the smallest as the largest weight, unless the 
man who works them turn or walk with such velocity as must 
soon tire him. In other cranes, perhaps, two or three different 
powers may be procured; to obtain which, some pinion must 
be shifted, or fresh handle applied or resorted to. In this crane, 
on the contrary, if the labourer find his load so heavy as to 
permit him to ascend the wheel without its turning, let him 
only move a step or two toward the circumference, and he will 
be fully equal to the task. Again, if the load be so light as 
scarcely to resist the action of his feet, and thus to oblige him to 
run through so much space as to tire him beyond necessity, let 
him move laterally towards the centre, and he will soon feel the 
place where his strength will suffer the least fatigue by raising 
the load in question. One man's weight applied to the extre- 
mity of the wheel would raise upwards of a ton ; and it need not 
be added, that a single-sheaved block would double that power. 
Suffice it to say, that the size may be varied in any required 
ratio ; and that this wheel will give as great advantage at any 
point of its plane as a common walking-wheel of equal diameter ; 
as^ the inclination can be varied at pleasure, as far as expe- 
diency may require. It may be necessary to observe, that what 
in the figure is the frame, and seems to form a part of the 
crane, must be considered as a part of the house in which it is 
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placed; since it would be mostly unnecessary should such 
cranes be erected in houses already built With respect to the 
Imrizontal part, by walking on which the man who attends the 
jib occasionally assists in raising the load, it is notan essential 
part of this invention, where the crane is not immediately con- 
i tiguous to the jib, although, where it is, it would be certainly 

very convenient and economicah 

I Notwdthstanding, however, the advantages which have been 

here enumerated, Mr. Whyte’s crane is subject to this theore- 
I tical objection, that it derives less use than might be wished 

from the weight of the man or men ; for a great part of that 
v/eight {half if the inclination be 30 degrees) lies directly 

upon the plane, and has no tendency to produce motion. Be- 
sides, when this crane is of small dimensions, the effective 
powder of the men is very unequal, and the barrel too small for 
winding a thick rope : when large, the weight of the materials 
added to that of the men put it out of shape, and give it the 
appearance of a large, unwieldy, moving floor. We know one 
large crane of this construction, which has an upright post near 
the rim on each side, to support it and keep it in shape ; and, as 
much as possible to prevent friction, each post had a vertical 
wheel at its top. We w^ere informed this crane was seldom 
used, and that it was soon put out of order. Nor, moreover, is 
it every situation that will allow the crane rope to form aright 
angle with the barrel on which it winds, and when this angle is 
oblique the friction must be much increased. The friction 
arising from the wheels at top of the vertical crutches might, 
indeed, be got shut of, by making the inclined wheel very 
strong ; but this would add greatly to the friction of the lower 
gudgeon of the oblique shaft, and considerably enhance the 
expense of the machine. 

^ 8. There remains, then, another stage of improvement with 

regard to the structure of cranes, in which the weight of the 
labourers shall operate, without diminution, at the end of a 
horizontal lever ; and in which the impulsive force thus arising 
may be occasionally augmented by the action of the hands either 
in pushing or lifting. This step in the progress has been 
effected by Mr, David Hardie^ of the East India Company's 
Bengal warehouse. After a few preliminarj^ observations, we 
shall point out the distinguishing particulars of this gentleman’s 
invention. 

The capstan, the wheel and pinion, with a winch and the 
walking-wheel, are the cranes in common use at the present 
j time; though a slight view of the method of working these 

i machines might be sufficient to show that they are essentially 

i defective in regard to the grand object in procuring the force 
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of men^ on which the quantity of work performed necessarily 
depends. The capstan and walking-wheel call for little or no 
use of the arms ; and the crane of the wheel and pinion derives 
very little advantage from the legs, while the force of tlie men 
acting upon the winch must of necessity be very fluctuating. 
At the capstan, and wheel, and pinion, a considerable force is 
expended unprod actively in giving action to the greater part of 
the metfs weight, w'hich does not contribute to the moving 
power of the machines ; the power actually exerted seldom ex- 
ceeding £01bs. at a moderate velocity. The merchants and 
wharfingers would instantly discharge from their service any 
porter who would refuse to carry a load of more than 201bs.; 
yet these very merchants and warfingers are daily paying full 
wages to cranemen for exerting a force which, when duly ap- 
plied, is greatly within the power of a boy of ten or twelve years 
of age. And as to the common walking-wheel, the men who are 
stationed within it expend a great portion of their strength in 
moving themselvesj'^m’arii ; which proves unproductive, be- 
cause the effective velocity is only according to the sum of the 
heights attained, and the waste of force through such unprofit- 
able deviation from the vertical direction rendei^s the men in- 
capable of the due velocity of ascent ; besides, the velocity of 
descent, which ought to be proportional to a due velocity of 
ascent, is materially impaired by the shortening of the effective 
lever in the course of its depression, and a consequent diminu- 
tion of mechanical power; and these obstructions are frequently 
aggravated, by placing men in the wheel to w^alk behind the 
others. And when this loss of labour by the often counter- 
operation of a rear rank is avoided by applying an additional 
wheel, the machine occupies much space, becomes extremely 
expensive, and is attended with extraordinary friction. Al- 
though nothing but nec^sity can justify the hazarding of the 
lives of men, yet the walking-wheel is attended with imminent 
danger; and being a very defective engine, employed without 
either necessity or expediency, those persons who use them are 
responsible to humanity for the shocking disasters they fre- 
quently occasion. But the various evils just enumerated, as 
well as many others which attend the cranes now adverted to, 
have been obviated in a very effectual manner by Mr. Hardie; 
whose crane is at once simple and efficient. It is a walking- 
crane; but the men walk on the outside of the w^heel instead 
of inside of the rim ; and during the whole of their labour they 
are exposed to no kind of danger, and they can walk in an up- 
right posture, well suited to free respiration. Five cranes of 
the kind are at work at the East-India warehouses; and as the 
contrivance (for which Mr. Hardie obtained a patent about 


180S) must ultimately prove a considerable acquisition, we 
have examined the construction and mode of o|>eration of two 
of these machines with particular attention, that we might be 
enabled to furnish the public wnth the following description. 

The reader may turn to pi. XI. where %. ]. is an elevation 
of the side of the crane on which the men operate. 

Fig. 5?. An elevation of the end of the stage to assist the men 
in stepping on and oiff the wheel, as well as to support a seat 
for them to rest upon, in the intervals between the operations. 
The edgey*of this stage does not stand more than four inches 
from the point s by which the edge of each step passes. 

Fig. 3. An elevation of the end of the wheel. 

Fig, 4. An elevation of the side of the crane, opposite to that 
given in fig. L The same letters of reference being put to the 
corresponding parts in these figures. 

AA is a wheel (on the principle of the wheel used in China 
for men working at the chain-pump, for raising water to the 
higher grounds, employed in the culture of rice), on the outside 
of which are placed 24 steps for the men to tread upon, at a 
situation where the steps are found at a height equal to that of 
the axis, or where the plane of the steps becomes horizontal ; 
the diameter of the wheel being 6 feet, steps included. The 
crane represented in the figure is adapted for 4 men ; though 
they may easily be contrived for 5, 6, or 8. At one end is b, 
the crane rope barrel, of a diameter suited to the drafts of goods 
commonly raised, and the number of men generally allowed, 
with c a brake wheel, all fixed on the same axis, and n a 
brake attached to the framing of the crane, to press on the 
brake-wheel, occasionally to stop or retard the motion ; being 
conducted by a man at the loop-hole by means of e, a lever 
of wood, loaded with a piece of lead or cast-iron at the ex- 
tremity, to give it sufficient weight to stop the motion of the 
wheel; a rope fastened to the end of this lever, and conveyed 
over two pulleys, terminates in a handle for the loop-hole man, 
with an iron ring at the lower part thereof to receive a pig, 
fixed at the side of the loop-hole for the purpose of keeping it 
down, that the lever might disengage the brake from the brake- 
wheel during the operation of raising the goeds. g, g, g, C3, g, 
are vertical handles, and h, h, h, h, h, horizontal handles for 
the men to take hold of with both hands, when treading on the 
steps : sometimes both hands are applied to the vertical handles; 
at others, one hand to a vertical, and the other to a horizontal 
handle ; and at others, both hands to the horizontal handles; 
thus producing a variety in the action, and, when necessary, a 
considerable augmentation to the force. 1 (fig. I. and 3.) is a 
j^oawl which drops in at every step, to prevent the wheel and its 
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iociimbent weight from overpowering the men at any time : it 
has at its lower part a cord with a loop to pass over one of the 
horizontal handles, near the extremity of which there is a notch 
sufficiently deep to retain the loop when drawn into it, for the 
purpose of raising the pawl, to disengage it from the wheel 
preparatory to the operation of lowering the goods or crane- 
rope. 

Now it is obvious, that by treading on the steps as they arrive 
at the position jf, i (figs. L 3.), just above the horizontal plane, 
passing through the axis, the men both ascend and descend 
nearly in the vertical directly : of consequence, the greatest 
possible velocity is produced without any unproductive labour; 
and the men are enabled to maintain the action by means of a 
hold of an upright handle on each hand; or occasionally to 
augment the action, by pushing at these handles. Further, by 
taking hold of the horizontal handles, each man can, by an act 
similar to that of lifting, augment the force arising from his 
w’-eight through all the degrees, from about 150 to 300 lbs. 
So that the same number of men can perform many operations 
of raising greater drafts than usual ; such as with the common 
walking-wheel or most other cranes could not be accomplished 
without additional men : and the pawl which drops in each step 
provides in the most effectual manner for the safety of the men, 
even if the crane had not been so constructed that their feet 
need never be more than inches distant from the stage s/J 
and the distance far too small to admit of falling through. 
Thus the very judiciously chosen dimension of a6-leet diame- 
ter unites the advantages of a weight acting on a horizontal 
instead of inclined lever with those accruing from the vertical 
and horizontal handles; while it completely precludes the 
danger which attends the common walking-wheel, and has by 
no means so much friction as necessarily attends Mr. Whyte’s 
crane. 

Mr. Hardiehas likewise contrived a truly advantageous mode 
of operating without a gibbet, which he has carried into effect 
with four of his cranes. He has placed the crane at the top of 
the warehouse, so as to allow the crane-x'ope to drop directly 
down from the barrel of the crane in front of the loop-holes; 
and at the upper floors, where the shortness of the rope dimi- 
nishes the swing of the goods in or cut of the loop-holes, he 
has provided a sliding floor immediately under the floor of the 
warehouse, which one man draws out or in, by pulling a cord, 
with the greatest ease, to receive or deliver the goods by a truck 
at the loop-hole. The part of the warehouse floor which is 
immediately above the sliding floor consists of a thin plate of 
cast iron, which allows the truck to run off the one on the other 
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without any obstruction. Thus more thau>on^ man’s labour in 
five or six is saved, by getting rid of the friction of the pulley 
of a gibbet: and a still greater saving of labour is effected by 
accelerating all the movements at the loop-holes. 

9. The common method of lowering goods by the brake and 
brake-wheel, even with the assistance of a counter- weight, is 
liable to injurious accidents to the men, as well as to the goods, 
'when they consist of perishable articles, such as wine, spirits, 
glass, kc. Sometimes, from the rapid motion of the crane, 
parts of it fly off with violence, and kill or wound the jxjrsons 
near it : at other times the brake-rope becomes entangled by 
turning off* the pulleys or otherwise, or the rope slips out of the 
hand of the man who conducts it : in either of which cases the 
goods might descend with all tlie accelerated velocity of a fall- 
ing body, receiving damage, and killing or maiming the men, 
horses, /&c. which happen to be under them. But these evils 
are completely remedied by a lowering regulator of the follow- 
ing description, invented by Mr, Hardie. 

PL XL fig. 5. A section of the regulator. 

Fig. 6. An elevation of one end of the regulator. The same 
letters of reference being put to the corresponding parts in these 
figures. 

AA, a cast-iron box fixed to the floor b, divided into two 
compartments, each 10 inches long, one of 4 inches diameter, 
and the other of 2 inches diameter : these are both filled with 
oil, a liquid not subject to any material change by frost; or 
they may be filled with water in summer and mild weather; and 
some spirituous liquor (gin, for instance) in frosty weather. The 
two cyiinders communicate with each other by c, an aperture 
at their top, and d, an aperture at their bottom ; the smaller 
compartment having a cock e, with its axle passing through the 
side of the iron box, guarded by a stuffing-box, and g a qua- 
drant with notches fixed at its end, to receive h the iron claw, 
which keeps the cock in its proper situation, and shows the ex- 
tent of its apertures when opened. The larger compartment 
has a piston f, with its rod passing through i, the top of the 
iron box (guarded here also by a stuffing-box), and passing 
through a guide: this rod is connected with a joint moved by 
a crank, which is turned by a pinion p of about six teeth; and 
this pinion is moved by a wheel, of a size suited to the diameter 
of the barrel of the crane and the weight of the goods commonly 
lowered: this latter w' heel is fixed to the axle of the crane by a 
simple mode of connexion, which admits of its being disengaged 
during the operation of rising ; it is also provided with the bar- 
rel rope and counter-weight, which are commonly used for the 
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purpose of winding up the slack crane rope on the barrel of the 
crane, to be ready to repeat the operation of lowering. 

If the cock E were quite shut, the oil or other liquid confined 
between it and the piston would prevent the piston from inov« 
ing, and of course hinder the goods hanging from the wheel, 
&c. connected with p, from descending ; but if the cock were 
opened a very little, the oil would pass slowly through it, and 
would therefore allow the piston f to move up and down slowly, 
and the goods to descend slowly also; and, in like manner, a 
further opening of the cock will permit the load to descend with 
a greater velocity : tlms the cock, by being more or less opened, 
gives the precise velocity desired to the descent of the goods, 
whatever tneir weight may be. 

When a small pinion turned by a winch is applied to the 
tooth-wheel, occasionally employed to turn the pinion of the 
crank, one man with ease raises the goods an inch or two, in 
order to be swung from the floor preparatory to lowering ; the 
natural defect of the winch as a raising instrument being of no 
consideration in such case, where the goods are raised merely 
to clear the floor : so that this crane and lowering apparatus 
possesses a much higher degree of perfection in low^ering than 
any of the other cranes. The means afforded of regulating it 
to lower either small or great weights with facility, expedition, 
and safety, and without depending, during the operation, on 
the precarious attention and management of a man, render it, 
in our opinion, far preferable to the hazardous and limited mode 
of lowering goods by the brake; while, with respect both to 
safety and great saving of labour, it obviously surpasses the 
modes of lowering by the capstan and the walking wheel, which 
require nearly the same number of men to lower that they take 
to raise any weight. 

We have dwelt the longer upon the subject of cranes, be- 
cause it is manifestly of the first importance in a commercial 
nation: something further, of too much utility to be entirely 
omitted, may perhaps be found under the articles engine to 
ht down weights^ gibbet, Harriot’s Engine^ and loading 
and unloading of goods • 

Crane is also a popular name for a syphon employed in 
drawing off liquors. 

This crane or syphon is nothing else than a bent tube, as 
ABG (fig. 5- pi. X.") If the shorter end ab be immersed in a 
vessel of water or other fluid c, then by applying the mouth to 
the end g, and sucking till the liquor arrives there, it will con- 
tinue to flow out at the end o, as long as that end is lower than 
the surface of the fluid in the vessel c. If there be a mouth- 
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piece at E, then sucking at tliat mositb-piece (while the end a 
is stopt with a finger or otherwise) will make the fluid flow 
wlien the obstruction is taken away from G* When the fluid 
has begun to flow, the hole at e must be stopped up, or the 
fluid will flow no longer than till the surface in the vessel be as 
low as E. 



The reason of the motion of the liquor in the syphon is this : 
the perpendicular height of the column bg being greater than 
that of BA, the pressure at g is greater than at a; and the 
pressure of the atmosphere being the same at both orifices (sup- 
posing them of equal area), therefore the weight at g will cause 
the fluid to flow out there, while the pressure of the atmosphere 
will force more liquor up the end a; and thus the motion will 
continue so long as there is any fluid in the vessel, provided the 
end G is lower than the end a of the syphon. Hence it is ina- ^ i 

nifest, that the height from the surface of the fluid in the vessel ' 

to the top B of the syphon must not exceed the altitude of a 
column of the fluid whose weight is equal to the pressure of the r ; 

atmosphere on the same base, 

The operation of sucking out the liquor at g, which is often < 

both disagreeable and troublesome, may be prevented by having 
an aperture at the top b, through which the syphon may be 
completely filled, and then that aperture closed again. Or a 
small syphon may be inverted, and filled with the fluid, which | 

may be kept in by a finger applied at each end until it is placed ^ ! 

in the proper position for work, when the fingers may be re- i 

moved.': ■ ■ ■■ ■ 

The syphon will raise a stream of water through an exten- |li 

sive space in every situation where a little descent can be pro- ||, 

cured ; but while the operation continues, no water can be taken Hi 

directly out of the stream above the lowest part of the tube. ; ; 

When, however, the two open ends of a syphon are closed, a i I 

quantity of water may be let out of the highest part, and its 
place supplied by introducing a like quantity which is of no 
other use: all the avenues for the purpose being then closed, 
and the stream suffered to flow through the tube, the useless 
water will be displaced, and a fresh quantity may be soon after 
drawn off. This mode of exchange may be useful in furnishing j j 

a supply for washing, and some other purposes ; but there ar^ ! 

several domestic uses for which the water drawn off will not be | 

thought sufficiently pure. A method of taking water out of the i 

syphon at any height within the limits of the elevation, without 
retarding the stream or introducing another quantity, has long 
been thought very desirable. Mr. William Close^ of Dalton, 
made a number of experiments and observations to determine 
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the practicability of tbe project ; from which he at length de- 
duced the following arrangement for extracting a quantity of 
wafer out of a syphon at any eleration (within its limits)^ and 
supplying its place with ii>r. 

Into any part except the top side of a vertical syphon st 
( fig. 5. pl.X.) insert two small pipes, and let their apertures in 
the inside of the tube be divided by a projecting piece about a 
quarter of an inch thick ; wherever the pipes are inserted^ the 
piece must be placed in such a position that the current will 
strike against one of its flat sides. The pipe wdiich opens on 
that side of the obstacle or dam struck by the stream may be 
called the water-pipe, md that on the other side the air -pipe. 
Insert their other ends into a vessel am. The air-pipe opposite 
to a must rise to near the top of this vessel, but the water-pipe 
w need not arise above the place of its insertion, A cock, per- 
fectly air-tight, must be fixed in each pipe between the vessel 
and syphon : the vessel ate must have a tube t in its lower part, 
for letting out water ; and this tube must have a cock fixed in 
it, or a valve covered with leather to close its lower end. To 
hasten tlie delivery of the water in this vessel, the external air 
may be admitted, in such manner as is most convenient. 

The communication betw’’een the vessel and sy phon being in- 
tercepted by turning the cocks in the pipes aw, and the branches 
of the syphon closea at their lower ends, the tube may be filled 
with water through an aperture in the top. After this aperture 
is closed, and a stream of water let into the cistern c for sup- 
plying the syphon, the ends of the branches may be opened, and 
a continued stream will flow through the tube. 

When it is required to fill the vessel aw with water, exclude 
the external air, and open the pipes between it and the syphon. 
Tbe vessel will soon be filled, and the water may be let out by 
opening tbe tube t, after the small pipes aw are again closed by 
turning their cocks. 

The water may be let out of the vessel without attendance, 
by a quantity of water passing through four vessels placed in 
the following order one below another, and each provided with 
a syphon. 

1. The highest, an immoveable vessel filled in a given time. 
2. A descending vessel, suspended from a lever or a wheel, 
which turns the cocks in the tubes opposite in its axis. 
This vessel must have a tube open at both ends, fixed in the 
middle of its bottom. 3. A descending vessel, to open the 
valve for letting water out of the vessel aw. It must be sus- 
pended upon the valve by a cord or wire passing through the 
tube, in the middle of the second vessel. 4. The lowest, a ves- 
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sel of the same width with the second. The brim of it must 
be connected to tlie outside circiiiiiference of the bottom of the 
second^ by wires or chains. 

In this arrangement the first vessel will empty itself into the 
second, which will close the cocks in the pipes opposite a and 
before air is admitted into the vessel The tliird will be 
filled from the second, and the water in the vessel will be 
let out again ; the third will deliver its contents into tlie fourth 
or lowest, which will keep the cocks in the small pipes opposite 
a and w close, until after the third vessel is empty, has risen up, 
and the external air can no longer enter the vessel aw.. The 
fourth being then emptied by its syphon, the pipes between the 
vessel OT and syphon sy will open. 

The diameter of the second vessel should be smnething less 
than either that above or below it. The fourth should be filled 
before the second is empty : the third will descend last, and rise 
first : the second and fourth will rise together, immediately after 
the third. If the second and fourth were to rise before the third, 
the syphon would directly receive a quantity of external air, and 
its operations would cease. It will, therefore, require much cau- 
tion to manage the cocks and valves, if another vessel similar to 
aro is to be filled while this last is emptied, and emptied while it 
is filled. 

The vessel aw should not be large ; and, in order to overcome 
the buoy ance of the extracted air, it is advisable to make the 
length of the descending branch of the syphon exceed the length 
of the ascending one as much as circumstances willadmit, and to 
let the lowest part of it be made of a conical divergent form. 
The velocity of the stream will be thus increased ; the vessel 
aw will be sooner filled with winter ; and the depression of the 
two columns will be less liable to happen from very slight im- 
perfections of workmanship. {Nicholsori's Jou7'nal^ 4Ao. vol. IV. 
p. B50.) 

Mr. Close made many subsequent trials, to bring this appa- 
ratus to die greatest perfection it would admit of : the result of 
the whole may be seen in No. 45. of the New Series of Nichol- 
son’s Journal, where Mr. Close has given the description and 
effects of an apparatus for raising water by mtois of air con- 
densed in its descent through an inverted syphon. 

Nearly analogous to this contrivance by Mr. Close, is the 
syphon machine of BIr. Detroiiville, described by M. Hachette 
in his Traite E16raentaire des Machines. 

M. Venturi, also, of whom mention is made in the 1st vol. of 
this work, has so blended his discovery of the lateral communi- 
cation of motion in fluids, with the principle of the syphon, as 
to raise water out of a lower reservoir, and pass ofl* with the 
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water spouting from a higher one. Imagine that not more than 
SO feet below the horizontal pipe, wliose orifice is cd (fig. 5. 
pL XVII. vol. L) there is a reservoir from wliich we wish to 
raise water by means of a syphon. Let the longer branch of 
that syphon rise vertically from the surface of the water below, 
till it is a few inches above the horizontal pipe pbo, and then 
turn SC) that the descending branch shall just enter the top of 
that horizontal pipe ; the place of insertion being rendered air- 
tight. Then, while water in the vessel mnop escapes through 
the horizontal pipe, it will, by virtue of the lateral communi- 
cation of motion in fluids, carry on with it a portion of air from 
the syphon. Thus, rarefying the air left behind, the water in 
the lower reservoir will, by means of the atmospheric pressure, 
be thrust up the rising branch of the syphon. This operation 
continuing, in a very short time the air will all be expelled from 
the syphon, and the same lateral communication of motion will 
be tlie means of drawing water from the low^er reservoir so long 
as it continues to flow from the upper one. 

CYLINDERS sTEASt EXGiKEs, hormg of, is an ope- 
ration usually carried on at the foimdery where they are cast. 
Thougli the moulder pursues the most correct metliod his art 
is capable of, yet it is impossible to be certain, that when the 
mould has received the metal from the furnace, it shall come 
out quite straight ; and if it should come out crooked, it must 
remain so; for the old method of boring will never make it 
otherwise in that respect. It is not like boring a piece of metal 
wliich is quite solid, as in boring guns, &c. Ail the old boring 
can do to a cylinder is to make it round and smooth, for there 
is nothing to conduct the boring bit in its progress through the 
piece but the form given it by the moulder; and a piece bored 
after this manner may look very well, yet if it is not straight 
it is not a cylinder : and an engine executed with such a vessel 
as that will be good or ill in that respect, as it approaches to or 
is further off the degree of exactness constituting it a cylinder. 

The new method of boring (which, as is observed, article 
STEAM ENGINE, was first practised at Burham, a foundery be- 
longing to Mr. Wilkinson, iron-master) insures all the perfec- 
tion the subject is capable of ; and when the process is conducted 
by an intelligent workman, if the cylinder should be cast ever 
so crooked, or ever so thick on one side more than another, 
he can take out the redundancy on that side, and but scarcely 
touch the other. This will be easily admitted when it is un- 
derstood^ that, whereas in the old method of boring, the instru- 
ment which performs the part of cutting the metaf is guided in 
its progress by the already incorrect form of the piece itself; 
but in the new method, the cutting apparatus is conducted 
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' along a thing which in is a, masterpiece of workmanship, 
a perfect cylinder, and is what the workmen call the horhig 
havy and is cast of the best pigs that can be procured, ancl 
turned with the utmost care and precision : consequentlj, 
^ %vhatever is conducted along this bar will proceed in a right 

line; and as it is intended that this shall be the conductor of 
the cutter-block/ being furnished with proper cutters, it must 
cut the interior surface of the piece quite straight, though it 
have been ever so crooked berore. 

Then this bar being turned very true, it is to have a groove 
or two cot opposite to each other, in a line parallel to its axis ; 
then there is a socket of cast iron, of such dimeosions as to suit 
for cylinders of various diameters, and this socket is to be nicely 
1 bored and ground on the bar ; and then it must have a fillet or 

two (according to the groove or grooves in the bar) let in on the 
inside, so as to slide along the bar, but not to turn round upon 
it : the external part must be made conical, with four or" six 
studs upon the base of it to receive the cutter-block. The next 
tiling is to give a progressive motion to this socket and cutter- 
block while the bar is turning on its own axis ; and that is done 
by some with a collar of metal fitted on the socket, and to that 
collar are connected two racks, long enough to reach through 
the cylinder and communicate with a pair of pinions, by which 
» the socket is drawn or pushed along the boring bar by the 

means of two levers, carrying a weight at each sufficiently 
heavy to overcome all resistance in the operation. 

Another method of giving a progressive motion to the block 
is to drill a hole through the whole length of the bar, to admit 
a single rod, to be communicated to the socket by sinking the 
groom (for in this case there can be but one) entirely through 
one side of the bar, so as to come into. the hole that has just 
been drilled through the bar. Then a branch from the internal 
part of the socket must be fitted into the groove with an eye to 
receive the end of the rod, which is then to be furnished with 
a key, or a nut and washer, to keep it in its place while the bar 
and socket is turning round, arid a weight with a rope over a 
pulley is applied to give motion to the socket, along the bar. 
This is the best way of applying this method to lx>ring of small 
cylinders, because there is no incumbrance upon the socket; 
and if the bar is sufficiently strong, it will move with great 
. , Bteadiiiess. ' ' ' 

ELLIPSOGRAPH is the name given by the anonymous 
author of a German publication, entitled Beschreihimg eines 
Ellipsografh^womltmanwahreEllipsenoJmeBerechmmgdm^ 
Bre 7 inpunMe sehr lekht beschreiben Tcanny’^ &c. published at 
Gotha in 1794, to a simple and universal instrument for draw- 
ing ellipses. The instrument has been long known to our ma- 
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thematieians, and has been described, though not in such gene-? 
ral terms as it admits of, in Emerson’s Conics, Hutton^s Ma- 
thematical Dictionary, and other works; but as it has not yet 
been adopted lor practical purposes, though it is far preferable, 
in our opmioo, to any instrument for drawing ellipses now in 
use, we take this opportunity of recommending it to general 
notice. 

The ellipsograph consists of three flat and moderately thin 
rulers of wood or brass, two of which must be of equal lengths ; 
and it may be as well if the length of these two together be 
equal to that of the third ruler. Let the two shorter of these 
rulers be pierced with a number of holes at equal distances, 
the holes being capable of receiving either a pin on which the 
rulers may turn as upon a joint, or a pencil by which the curve 
may be described : then, by connecting these rulers, either as in 
fig. 5. or fig. 6. pL XIV. an ellipse may be readily described. 
Thus, in fig. 5. hang one end of the ruler a b upon a pin in the 
middle of tlie ruler kl, and take the point b such that abzzbb, 
and — semiconjugate + semitransverse of the ellipse, the 

ruler bd turning upon a pin in b as a Joint : take the point e 
so that BE nsemiconj ligate, and put a pencil into the hole of 
that point : then, if the end d of the ruler bd be slidden along 
the edge KL of the ruler which passes through the centre a, the 
pencil at E will describe a true ellipse having the proposed dia- 
meters. Again, taking the method represented in fig. 6. upon 
the ruler ac, hang the ruler bg at r, so that a b+ be =: semi- 
transverse, while ABrrBDrrhalf the difference of the semitrans- 
verse and semiconjugate axes : then, while a pin at d slides 
along the edge of the ruler kl, the pencil at e will describe the 
ellipse required. The truth of this method of construction is 
demonstrated in Emerson’s Conics, prop. 75. ellipse. 

This instrument may, it is obvious, be easily made either so 
as to construct small ellipses, now commonly described by means 
of the elliptical compasses; or upon a larger scale, for the pur- 
pose of describing elliptical centring for ardies of bridges, &c. 
In the latter case the ellipsograph may be made sufficiently 
strong without being any way cumbersome in practice. In the 
actum construction of the instrument the ruler kl should be 
the thickest, and the other two legs made to run upon friction 
rollers, as in the construction of the pentagraph. , 

It may not be altogether useless just to remark, that in both 
methods of using the instrument, the point b wull describe a cir- 
cular arc ; and if the ruler bb had a part above b, equal to bb,. 
the upper extremity of that part would, during the motion of 
the point d along kl, describe a right line. This follows evi- 
dently from what was shown in art. 8, of the introductory part 
of this volume. 
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ENGINE io let dbm heavy wights. The simple method 
we are now about to describe was invented by father Messin, in 
1714* Suppose it were required to lower large stones from the 
top of a wall which is intended to be taken down : erect a frame, 
or set up a gin close by the side of the wall, and let the pulley 
p (fig, 4. pi. IV.) be firmly attached to this frame. Over this 
pulley must pass a cord, one end of which c has a hook to which 
the stone, &c. can readily be fastened ; the other end n carries a 
vessel, which may be filled with water from the reservoir m, on 
the ground at the bottom of the wall Then, while one man is 
fixing the stone to the hook at the top of the wall, let another 
put water into the vessel d at the bottom till it nearly equals 
the weight of the stone : after which, leaving both to the free 
operation of gravity, or checking the motion a Fittle if necessary, 
the stone will gradually descend to the ground, while the vessel 
B will be carried up to a funnel a, into which the water may be 
poured, and thence conveyed by a wooden or a leather pipe to 
the reservoir m. Then the vessel d ma}^ be suffered to descend, 
and the hook c will be raised to be fixed to another stone : and 
thus the operation may be repeated as often as is necessary. 

The same method may likewise be adopted in lowering sacks 
from a high granary, or packages from an upper warehouse. 
The velocity of the descending weight maj be so regulated as to 
have any proportion to that which gravity imparts to bodies 
falling n'eely : thus, if w denote the weight to be lowered, v that 

of the vessel of water, we shall have^^^, for the fraction 

expressing the ratio of the velocity to that freely imparted by 
gravity when denoted by unity. Thus, if v=^w, the weight 
will fall through j. of 16 ^ 1 ? or about feet in the first second : 
if v=z|-w, the weight will fall through j- of or about 3 ^ 

feet in the first second : the friction of the pulley being in both 
instances disregarded 

EPROUVETTE, po« 2 ?&r-proycr, is an instrument contrived 
for the purpose of comparing the strength of different kinds 
of gunpowder. One of the best for the proof of powder in 
artillery, is that contrived by Dr. Hutton. It consists of a 
small brass gun, about feet long, suspended by a metallic 
stem or rod, turning by an axis on a firm and strong frame, 
by means of which the piece oscillates in a circular arch. A 
little below the axis, the stem divides into two branches, reaching 
down to the gun, to which the lower ends of the branches are 

* Engines were first called or from adapted, or 

nmm, a device or contrivance. Tiie following is a copy from a London Newspaper, 
dated January 6th, 1 679 : ** At Blr. Topics in the Little Minories, there is to be sold 
two frames or engcnlos to make silk Stockings.” 
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fixed, the one near the muzzle, the other near the breech of the 
piece. The upper end of the Stem is firmij attached to the 
axis, which turns very freely by its extremities in the sockets of 
the supporting frame ; by which means the.gun and stem vibrate 
together in a vertical plane, with a very small degree of friction. 
The piece is cliarged with a small quantity of powder (usually 
about two ounces) without any ball, and then fired; by the force 
of the explosion, the piece is made to recoil or vibrate, describing 
an arch or angle, which will be greater or less, according to the 
quantity or strength of the powcler. 

To measure the quantity of recoil, and consequently the 
strength of the powder, a circular brazen or silvered arch of 
a convenient extent, and of a radius equal to its distance below 
the axis, is fixed against the deseendiog two branches of the 
stem, and graduated into divisions, according to the purpose 
required to be answered by the machine: viz. 1. Into equal 
parts, or degrees, for the purpose of determining the angle 
actually described in the vibration. 2. Into unequal parts, 
according to the chords, being in fact 100 times the double 
sines of the half angles, and running up to 100, as equivalent to 
90 degrees; these serve to compare the velocities given by the 
powder, 3. Into unequal parts according to the versed sines ; 
they are, in truth, 100 times the versed sines of our common 
tables, corresponding with SQ degrees; these serve to 

coiraare the forces, 

'pie divisions in these scales are pointed out by an index 
which is carried on the arch during the oscillation, and then, 
stopping there, shows the actual extent of the vibration. Two 
ounces of powder give, on an average, as I have found by several 
trials, about 36 on the chords, or about 21® on the arch. For 
a more minute description with diagrams, see Hutton’s Tracts, 
vol. iii, p. 153, 

^ The late Mr. Ramsden constructed an eprouvette, which 
differs from the preceding simply by the gun’s recoiling in a 
direction parallel to itself instead of its vibrating as a pendulum. 
In order to this, the gun is suspended upon two hanging frames, 
one at each end, like ladders. They are equal in length, and 
serve like the joints of a parallel ruler, to make the gun rise and 
f^l, during its recoil and return, so as always to retain a 
direction parallel to itself; that is, the horizontal direction. 
The decrees are measured upon a fixed arch, by means of a 
moveable index, nearly as in I)r. Hutton’s eprouvette. 

For other eprouvettes by Regnier, &c. the reader may con- 
sult the article Powder Provers in the Pajvtologia, Those 
be seen in Captain Thomson’s Translation 

of Ins Gunnery. 
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FILES, machines for cutting (f There have been various 
contrivances for this purpose; but one of the best we are 
acquainted with is described in the Transactions of the Ame- 
rican Philosophical Society, and Is as follows: aaaa %* 
pi. X. is a bench made of well-seasoned oak, the fice of which 
is planed very smooth, bbbbb the feet of the bench, which 
should be substantial, cccc the carriage on whidi the flics 
are laid, which moves along the face of the bench aaaa 
parallel to itss ides, and carries the files gradually under the 
edge of the cutter or chisel hh, while the teetli are cut: this 
carriage is made to move by a contrivance somewhat similar to 
that which carries the log against the saw of a saw-mill, as will 
be more particularly described, ddo are three iron rods, 
inserted into the ends of the carriage cccc, and passing through 
holes in the studs eee, which are screwed firmly against the 
ends of the bench aa aa, for directing the course of the carriage 
CCCC, parallel to the sides of the said bench, fe two upright 
pillars, mortised firmly into the bench aa aa nearly equidistant 
from each end of it, near the edge, and directly opposite to each 
other. G the lever or arm which carries the cuUer hh (fixed by 
the screw i), and wwkson the centres of two screws kk, which 
are fixed into the two pillars ff in a direction right across the 
bench aaaa. By tightening or loosening these screws the 
arm which carries the chisel may be made to work more or 
less steadily, l is the regulating screw, by means of which 
the files may be made coarser or finer; this screw works in a 
stud M which is screwed firmly upon the to|) of the stud f : the 
lower end of the screw l bears against the upper part of the 
arm g, and limits the height to which it can lise. ^ is a steel 
spring, one end of which is screwed to the other pillar F, and 
the other end presses against the pillar o, which is fixed upon 
the arm g ; by its pressure it forces the said arm upwards, 
until it meets with the regulating screw l. p is an arm with a 
claw at one end marked 6, the other end is fixed by a joint 
into the end of the stud or pillar o ; and, by the motion of the 
arm g, is made to move the ratch-wheel ft. This ratch- wheel 
is fixed upon an axis, which carries a small trundle-head or 
pinion E, on the opposite end ; this takes into a piece ss, 
which is indented with teeth, and serewed firmly against one 
side of the carriage cccc : by means of this piece motion is 
communicated to the carriage, t is a clamp for fastening one 
end of the file zz in the place or bed on which it is to be cut. 

V is another clamp or dog, at the opposite end, which works 
by a joint w, firmly fixed into the carriage cccc. y is abridge, 
likewise screwed into the carriage, through which the screw x 
passes, and presses with its lower end against the upper side of 
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the clamp v ; under which clanip the other end of tlie filezz 
is placed, and held firmly in its situation while it is cuttiog, by 
the pressure of the said damp v. 7777 is a bed of lead, which 
is let into a cavity formed in the body of the carriage, some- 
thing broader and longer than the largest fixed files; the upper 
face of this bed of lead is formed variously, so as to fit the 
different kind of files which may be required. At the figures 
are two catches which take into the teeth of the ratch-wheel a, 
to prevent a recoil of its motion. 33 is a bridge to support 
one end 4 of the axis of the ratch- wheel q. 5 a. stud to support 
the other end of the axis of that wheel. 

When the file or files are laid in their place, the machine must 
be regulated to cut them of the due degree of fineness, by means 
of the regulating screw n ; which, by screwing further through 
the arm m, will make the files finer, and, by unscrew 

ing it a little, will make them coarser; for the arm g will, by 
that means, have liberty to rise the higher, which will occasion 
the arm p, with the claw, to move further along the periphery 
of the ratch- wheel, and consequently communiGate a more 
extensive motion to the carriage cccc, and make the files 
coarser. 

When the machine is thus adjusted, a blind man may cut a 
file witli more exactness than can be done in the usual method 
with the keenest sight : for by striking with a hammer on the 
Iiead of the cutter or chisel hh, all the movements are set at 
work ; and, by repeating the stroke with the hammer, the files 
on one side will at length be cut : then they must be turned, and 
the operation repeated, for cutting the other side. It is need- 
less to enlarge much on the utility or extent of this machine; 
for, on an examination, it will appear to persons of but in- 
different mechanical skill, that it may be made to work by water 
as readily as by hand, to cut coarse or fine, large or small, files, 
or any number at a time ; but it may be more particularly useful 
for cutting very fine small files for watchmakers : as they may 
be executed by this machine with the greatest equality and 
nicety imaginable. As to the materials and dimensions of the 
several parts of this machine, they are left to the judgment 
and skill of the artist who may have occasion to make one ; only 
observing that the whole should be capable of bearing a good 
deal of violence. 

FIRE-escap£, a machine for removing persons from the 
upper stories of houses on fire. It consists of a pole, a rope, 
and a basket. The pole is of fir, or a common scaffold pole, 
of any convenient length from 36 to 46 feet. The diameter at 
bottom, or greatest end, about five inches : and at the top, or 
smallest end, about three inches. At three feet from the top is 
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amortise through the pole, and a pulley fixed to it of nearly the j 

' same diameter with the pole in that part. The rope is about \ 

three quarters of an inch diameter, and twice the length of the j 

, pole, with a spring hook at one end, to passthrough the ringin 

the handle of the basket when used: it is put through the mortise \ 

over the pulley, and then drawn tight on each side to near the 1 

bottom of the pole, and made fast there till wanted. The 

basket should be of strong wicker-w^ork, three feet and a half 

long, two feet and a half wide, rounded off at the corners, and 

four feet deep, rounding every way at the bottom. To the top 

of the basket is fixed a strong iron curve or handle, with an 

eye or ring in the middle ; and to one side of the basket, near 

the top, is fixed a small cord, or guide-rope, of about the length 

of the pole. When the pole is raised, and set against a house 

over the window from which any persons are to escape, the 

manner of using it is so plain and obvious, that it need not be 

described. The most convenient distance from the house for 

the foot of the pole to stand, where practicable, is about 12 or 

14 feet. If two strong iron straps, about three feet long, riveted 

to a bar cross, and spreading about 14 inches at the foot, were 

fixed at the bottom of the pole, this would prevent its turning 

round or slipping on the pavement; and if a strong iron hoop, 

^ or ferule, riveted (or welded) to a semicircular piece of iron 

spreading about twelve inches, and pointed at the ends, were 
fixed on at the top of the pole, it would prevent its sliding 
against the wall. 

When these two last-mentioned irons are fixed on, they give 
the pole all the steadiness of a ladder ; and because it is not easy, 
except to persons who have been used to it, to raise and set up- 
right a pole of 40 feet or more in length, it will be convenient to 
have two small poles or spars of about two inches diameter, 
fixed to the sides of a great pole at about two or three feet 
above the middle of it, by iron eyes riveted to two plates, so 
as to turn every way; the lower end of these spars to reach 
within a foot of the bottom of the great pole, and to have ferules 
and short spikes to prevent sliding on the pavement, when used 
occasionally to support the great pole like a tripod. There 
should be two strong ash trundles let through the pole, one at 
four feet and one at five feet from the bottom, to stand out 
! about eight inches on each side, and to serve as handles, or to 

twist the rope round in lowering a very heavy weight. If a 
block and pulley were fixed at about the middle of the rope, 
above the other pulley, and the Other part of the rope made to 
run double, it would diminish any weight in the basket nearly 
one- half, and be very useful in drawing any person up to the 
assistance of those in the chambers, or for removing any effects 
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out of a chamber, which it might be clangeroos to attempt by 
the stairs. 

It has been proved, by repeated trials, that siicli a pole as we 
have been speaking of can be raised from the ground, and two 
or three persons taken out of the upper windows of a lK>use 5 
and set down safely in the street, in the space of 35 seconds, or 
a little more than half a minute. Sick and infirm persons, 
women, children, and many others, who cannot make use of a 
ladder, may be safely and easily brought down from any of the 
windows of the house on fire by this machine, and by putting a 
short pole through the handles of the basket, may be removed 
to any distance without being taken out of the basket. The 
pole must always have the rope ready fixed to it, and may be 
conveniently laid up upon two or three iron hooks under any 
shade or gatewa}^ and the basket should be kept at the watch- 
house. When the pole is laid up, the two spars should al waj^s 
be turned towards the head of it. The basket should be made 
of peeled rods, and the pole and spars painted of a light stone- 
colour, to render it more visible when used in the night. 

Other ingenious contrivances for this purpose are described 
in Mr. Bosworth^s Accidents of Human Lifef’ and for Mr. 
BallantyneV Fire Engine and Fire Escape, see No. 42 of the 
Glasgow Mechanics' Magazine^ sold by Steuart, Cheapside, 

FIRE-ENGINE, the name now commonly given to a ma- 
chine by which water is thrown upon fires in order to extinguish 
them. Various machines have been contrived for that purpose 
at different times; the most essential particulars in a few of 
which we shall here describe. 

The usual construction of the fire-engine, after the great 
improvements^ were made in it by Mr. R. Newshara, was 
nearly that which is exhibited in fig. pi. XV. where we have 
represented a vertical section of the engine. The motion of the 
water in this machine is effected by the pressure of the atmo- 
sphere, the force of men acting upon the extremities if, n'Vof 
a lever, and thence giving motion to the pistons, and by the 
elasticity of condensed air, in the following manner : — When 
the piston r is raised, a vacuum would be made in the bari’el 
Tu if the w^ater did not follow^ it from the inferior canal em 
(through the valve h), which rises through the tube ef immersed 
in the water of a vessel by the pressure of the atmosphere on its 
surface. The water of the barrel tcj, by the succeeding de- 
pression of the piston r, shuts the valve h, and is forced, through 
the superior canal on, to enter by the valve i into the air- 
vessel ahed ; and the like being done alternately with respect to 
the other barrel wx, and its piston s, the air-vessel is, by tliese 
means, continually filling with water, which greatly compresses 
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tbeair above the surface of the water in that vesse], and thereby 
proportionally augments its spring : which at length is so far 
increased as to re-act with great force on the surface yz of the 
subjacent water, and compel it to ascend through the small tube 
efto the stop-cock where upon turning the cock the water 
is suffered to pass through a pipe h fixed to a ball and socket; 
from the orifice of which it issues in a continued stream with a 
great velocity, to a considerable height or distance ; and it is 
usually kept from diverging too soon in its progress by means 
of a long series of flexible leather pipes, properly joined toge- 
ther, and known among the fire-men by the name of the hose. 

Desaguliers remarks (voL I. p.257.) that Mr. Newsham con- 
trived his engines in such a manner, that part of the men who 
■work them exert their force by treading, which is more effectual 
than any other way that men can worK at such engines ; the 
whole weight of the body being sufficiently thrown on the 
forces of the pumps: and even part of a man’s strength may be 
added to the weight by means of horizontal pieces to which he 
can apply his hands when he is treading ; whereas, by applying 
the hands to move levers or turn winches, the power must act 
very iniequally. This is the reason why with the same number 
of men he has generally thrown water further, higher, and 
in greater quantities, with tlie same sized engines, than other 
engineers who have tried their engines against his.” Notwith- 
standing the truth of this remark, we are not aware that the 
combination of human weight and strength here recommended 
has been practised in any subsequent fire-en^nes, or indeed in 
any machines whatever, except the ingemous walking crane of 
Mr. Hardie. 


The greatest artifice in the engine according to the construc- 
tion just described is the contrivance to produce a 
streamy which is done by the compression and proportional 
elasticity of air in the barrel aSed, called the air-vessel. For 
the air, being an elastic fluid, will be susceptible of compres- 
sion ill any degree by the water forced in through the valves at 
IK; and, since the force of the air’s spring will always he in- 
versely as the space it possesses (art. 489* vol. I.), it follows 
that when the air-vessel is half full of water the air will be 
compressed into half the space it possessed at first, and there- 
fore its spring will be twice as great as at first. 

But this spring at first was equal to the pressure of the at- 
mosphere on the same surface : for if it were not it could not 
have sustained or resisted the pressure of the atmosphere which 
stood over it, and consequently could not have filled the vessel 
before the water was driven in; wdiich yet we find it did, and 
maintained an ccpiilibrium with the common air. The vessel 
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then being half jSlled with water, or the air compressed into half 
the first space, its spring will in this case be equal to twice the 
pressure of the atmosphere ; and therefore when tlie stop»cock 
at p is turned, the air within, pressing on the subjacent water 
w^ith twice the force it meets with from the external air in the 
pipe will cause the water to spout out of the engine to the 
height of 32 or 33 feet, if the friction is not too great. 

When the air-vessel is 4 full of water, the air takes op 4 part ; 
whence its spring will be thi^e .times as great as that of the 
common air, and it will project the water witli twice the com- 
mon atmospheric pressure ; consequently, it will rise to the 
height of 62 or 64 feet. When the air-vessel is | full of water 
the air will be compressed into its 4 part, and so will protrude 
the water with three times the atmospheric pressure, and carry 
it to the height of 96 or 99 feet. Hence It will be easy to state 
the law by which the spring of the air will act on the surface 
of the water below it, as in the following table. 


Height qf tenter 

Of the air 
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^ Various alterations and improvements have been made from 
time to time in the construction of Fire-engines. The con- 
trivers of some of these improvements, as Messrs. Bramah, 
Dickenson, Sim|}kin, Rowntree, and Phillips, have secured their 
inventions from infringement by patents ; the specifications of 
most of which maybe seen in the Repertory of Arts and Manu- 
factures. In the year 1 785 the silver medal and twenty guineas 
were conferred by the Society for the Encouragement of Arts, 
&c. on Mr. Furst, as a reward for his contrivance to increase 
the effect of engines in extinguishing fires; of which the follow- 
ing is a short description : from a platform rises an upright pole 
or mast, of such height as may be judged necessary; a gaft slides 
upon it in an ascending direction, and along both is conveyed 
the leather hose from the engine. The branch or nose-pipe of 
the engine projects at the extremity of the gaft; towards whic h 
an iron frame is fixed, whence two chains are suspended; and 
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from these hang ropes, which serve to ^ve an horizontal direc- 
tion to the branch; while other ropes, tnat run through proper 
pulleys, and are thus conveyed down the mast, serve likewise 
to communicate a vertical motion to it. By these means, the 
^ branch or nose-pipe of the engine is conducted into the win- 

dow of any room where the fire more immediately rages; and 
the effect of the water discharged is applied in the most effica- 
cious manner to the extinguishing of the flames. 

A very cheap and simple fire-engine is that invented in 
America hy Islv . Benjamin Dearborn^ who communicated it 
to the American Acaaemy of Arts and Sciences, from w^hose 
Memoirs for 1794 we extract the following particulars: 

Fig. 4* . pL XV. AB and eo are the edges of tw’o planks, con- 
"i fined by four bolts ; a b and c d are two cylindrical barrels, in 

s each of which a piston, with a valve, is fastened to the spear r, 

and is moved up and down alternately by the motion of the 
arms ee. Beneath each barrel a hole is made through the 
plank AB, which is covered with a valve. The arms ee are 
suspended on the common centre f: there are also arms parallel 
to these on the opposite side: gg are the ends of handles which 
are fastened across the ends of the arms. At h a bolt goes across 
from arm to arm, to which the piece ik is affixed, and on whicli 
it plays ; the lower end of this piece is fastened to the top of the 
f spear e. olf is a standard for the purpose of supporting the 

arms, to which there is a correspondent one on the opposite 
side ; both are notched into the edges of the planks, where they 
are secured by a bolt, which passes through them at 4 and has 
I a nut or fore-lock on the opposite side, hi, hi, are square braces, 

answering the purpose of ducts, through which the water 
ascends from the barrels, passing through the plank at 37^ kl, 
KL, are irons in the form of a staple, in order to confine the 
braces : the lower ends of these irons meet, and are secured by 
, a bolt passing through them, and mh7<o, which is a piece that 

I goes up through a mortise in the centre of the planks. This 

i piece is square from the lower end, till it reaches the top of the 

braces ; whence they become cylindrical to the top, the upper 
end being perforated sufficiently low down, in order to com- 
municate with the braces, op is an iron ring that surrounds 
the tube, and has two shanks which ascend through the head, 
which screws on the top at pq ; rs is a ferule nailed round the 
■■ tube. :■ , , " ^ "" 

Fig. 5. is the same engine ; the arms and standards being 
taken off^ in order to delineate more clearly the mode of se- 
curing the braces; an object which is completely effected by a 
wedge driven into the mortise a : beneath the upper plank h is 
a h<3e for admitting a passage to the bolt, which secures the 
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standards. In this figure a side view of the head is given, with 
the pipe in a perpendicular direction. 

The machine is confineci within a box, set on wheels, as in 
the common fire-engines. The whole is made of wood, ex- 
cepting the spears of the pumps, and a few bolts, &c. The 
advantages of this machine are, that it can be made in any 
place where common pumps are manufactored ; that the interior 
work will not exceed one-fourth of the price of those which are 
constructed on the usual plan ; and that they are incompara- 
bly more easy to work than the common ones : circumstances 
which strongly recommend the American fire-engine to the 
attention of the public. 

r’LAX-MILLShavebeen constructed in great variety: but 
one of the best we are acquainted with is described in Gray's 
Experienced iU^7/zmg7^#5 in nearly the following terms : 

Fig. I. pL X\T. is the pla ? i , a a, the water-wheel, cc, 
the shaft or axle upon wdiich it is fixed, bb, a wheel fastened 
upon the same shaft, containing 103 teeth, to drive the pinion 
B, having 25 teetli, which is fixed upon the middle bruising- 
roller: E, a pinion in which are 10 teeth, turned by the wheel 
B, which is fastened upon the under end of the perpendicular 
shaft that carries the scutchers, mm, the large frame tliat 
supports one end of the shaft c, and the perpendicular axle. 
HN are frames in which the rollers turn that break or bruise 
the rough flax, ia and i, the machine and handle to raise the 
sluice when the water is to be let on the wheel aa to turn it 
round, go, doors on the side-walls of the mill-house, iic, 
windows to lighten the house, hh, stairs leading up to the 
loft 

Fig. 2. Elevatim- a a, the water- wheel upon its shaft cc, 
on which shaft the wheel bb is also fixed : this latter wheel con- 
taining 102 teeth, to turn die wheel e, having 25 teeth, which 
is fastened upon the middle bruising- roller, ef is a vertical 
shaft, upon the louver end of which is fixed a pinion having 10 
teeth, which is driven by the wheel b. There are two arms 
that pass through the shaft f ; and upon these arms are fastened, 
with screwed iron bolts, the scutchers that clear the refuse off 
the flax. BB, the frames which support one end of the axle e, 
the vertical shaft, and the breaking rollers: l, a w^eight sus- 
pended by a rope, the other end of which is fastened to a 
bearer, as is seen in fig 3. ss a lever, the short arm of which 
is attached to the frame that the gudgeons of the upper roller 
turn in ; and by pushing down the long arm, the upper roller is, 
when necessary, so raised as to be clear of the middle one. 
NN, the end walls of the raiU-house. rr, the couples or frame 
of the roof, h, a door in the side-wall, ik, window’^s. 
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Fig. 3. Seciion. A a, tlie great water-wheel fixed upon its 
shaft, and containing 40 aws or float-boards to receive the water 
which communicates motion to the whole machinery, bb^ a 
wlieel fastened upon the same axle, having, as before mentioned,, 
102 cogs, to drive the wheel c. of 25 teeth which is fixed 
upon the middle roller, No. !. The thick part of this roller is 
fluted, or rather lias teeth all round its circumference. These 
teeth are of an angiilar form, being broad at their base, and 
thinner towards their outward extremities, which are a little 
rounded, to prevent them from cutting the flax as it passes 
through betwixt the rollers. The other two rollers Nos. 52. and 
3. have teeth in them of the same form and ske as those in the 
middle roller, whose teeth, by taking into those of these tw^o 
rollers, turns them both round. The rough flax is made up into 
small parcels, which being introduced betwixt the middle and 
upper rollers, pass round the middle one; and this either having 
rollers placed on its off side, or being inclosed fay a curved boaref 
that turns the flax out betwixtthemiddle and under rollers, when 
it is again put in betwixt the middle and upper one, round the 
same course, until it be sufficiently broken or softened, and pre- 
pared for the scutching machine. The bearer in w’hich the gud- 
geon of the roller N o. I . turns is fixed on the frame at c; and the 
gudgeons of the rollers Nos. £. and 3. turn in sliders that move 
up or down in grooves in the frames ss. The under roller is 
kept up to the middle one by the weights bjd, suspended by two 
ropes going over two sheeves in the frames ss ; their other ends 
being fastened to a transverse bearer below the slidei'siii which 
the gudgeons of the roller No. 3. turn. The weights dd must 
be considerably heavier than the under roller and sliders, in 
order that its teeth may be pressed in betwixt the teeth of No. 1. 
to bruise the flax when passing between the rollers. The whole 
weight of the roller No. £. presses on the flax which passes 
between it and No. 1. There is also a box fixed on the upper 
edge of its two sliders to contain a parcel of stones, or lumps of 
any heavy metal, so that more or less weight can be added to 
the roller as is found necessary, oo, is the large frame that 
supports one end of the shaft which carries the two wheels a,b, 
and vertical axle FF; on the lower end of which is fixed the 
pinion tin ned by the wheel b, and having 1 0 teeth. In the axle 
Fare arms upon which the scutchers are fastened with screwed 
bolts, as seen at go, fig. 2. These scutchers are inclosed in 
the cylindrical box ee, having in its curved surface holes or 
porches at wdiicli the iiandfuls of flax are held in, that they may 
be cleaned by the revolving scutchers, hh, the fall or course 
of the water, tt, the sluice, machine, and handle, for raising 
the sluice to let the water on the great wheel The gudgeons 
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of the axles should all turn in cods or bushes of brass, kk, the 
side-walls of the mill-house, oo, doors, ll, windows. 

FLOUR-MILLS" .are put into motions in various ways: 
sometimes the first mover is wind, at others water, at others the 
force of steam, at others the miiscuiar energy of animals. See 
Fmi-rmMf Hand-mill^ Whid--miU^ 

The mechanism of the grinding part of most of these is 
nearly the same, and well understood : so that it will not be 
necessary to enter much into minutise, but merely to present a 
general description of a well-constructed mill, with any first 
mover; and subjoin to this description some remarks, rules, 
and tables. 

In plate XVI L we have given a section of a double Flour- 
mill, reduced from Gray‘’s Experienced Millwright, with the 
following account, aa, the water-wheel, bb, its shaft or 
axle, cc, a wheel fixed upon the same siiaft, containing 90 
teeth or cogs, to drive the pinion No. 1 . having '28 teeth, which 
is fastened upon the vertical shaft d. No. S. a wheel fixed upon 
the shaft n, containing 8 £ teeth, to turn the two pinions ff, 
having 15 teeth, which are fastened upon the iron axles or 
spindles that carry the two upper mill-stones, ee, the beam 
or sill that supports the frame on which the under mill-stones 
are laid, go, the cases or boxes that enclose the upper mill- 
stones ; they should be about 2 inches distant from the stone all 
round its circumference, tt, the bearers, called bridges^ upon 
which the under end of the iron spindles turn. These spindles 
pass upward through a hole in the middle of the nether mill- 
stones, in which is fixed a wooden bush that their upper ends 
turn in. The top part of the spindles, above each wooden 
bush, is made square, and goes into a square hole in an iron 
cross, which is admitted into grooves in the middle and under- 
surface of the upper mill-stone. By this means that stone is 
carried round along with the trundles ff, when turned by the 
w'heel No. £. One end of the bridges tt is put into mortises 
in fixed bearers, and the other end into mortises in the bearers 
that move at one end on iron bolts, their other ends hanging by 
iron rods having sciwed nuts, as vv ; so that when turned for- 
ward or backward they raise or depress the upper mill-stones, 
according as the miller finds it necessary, ss, the feeders, in 
the under end of each of which is a square scjcket that goes upon 
the square of the spindles above the iron cross or rind, and 
having three or four branches that move the spout or shoe, and 
feed the wheat constantly from the hoppers into the hole or 
eye of the upper mill-stone, where it is introduced betwixt the 
stones ; and by the circular motion of the upper stones acquires 
a centrifugal force ; and proceeding gradually from the eye of 
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the mill-stone towards the drcamference,- is at length thrown 
out in floor or meal eEj the sluice, machine, and handle, to 
raise the sluice, and let the water on the wheel a to drive it 
round. No. 3* is a wheel fixed upon the shaft », containing 44j 
teeth, to turn the pinion No. 4, having 15 teeth, which is fas- 
tened upon the horizontal axle h. On this axle is also fixed 
the barrel k, on w*hich go the two leather belts that turn the 
wore engine and bolting iniiL L, an iron spindle, in the under 
end of which is a square socket that takes in a square on the top 
of the gudgeon of the vertical shaft ». There is a pinion m, of 
9 teeth, fixed on the upper end of the spindle l, to turn the 
wheel MM, having 48 teeth, which is fastened upon the axle 
round which the rope zz rolls, to carry the sacks of flour up to 
the cooling benches. By pulling the cord oo a little, the wlieel 
MM and its axle are put into motion, in consequence of that 
wheel and its axle being moved horizontally, until the teeth of 
the wheel are brought into contact with those of the pinion at 
the top of the spindle l: and, on the contrary, by pulling the 
cord pp, the wheel m and its axle ai’e moved in the opposite 
horizontal direction, till they are thrown out of geer with the 
pinion, and the rotatory motion of that wheel stops. But when 
the sack of flour is raised up to the lever a, it pushes up that 
end of the lever, and of course the other end down; by which 
means the pinion m is disengaged, and thus that part of the ma- 
chine stops of itself, NN are tw’o large hoppers, into which the 
clean wheat is put to be conveyed down to the hoppers ss, 
placed on the frame immediately above the millstones, ww, 
the side-wall of the mill-house, v, the couples or frame of the 
roof. XX, windows to lighten the house. _ 

Fig. 1. in the margin represents the surface of the under 
grinding mill-stone; the way of laying out the roads or channels; 
the wooden bush fixed into the hole in its middle, in which 
the upper end of the iron spindle turns round ; and the case 
or hoops that surround the upper one, which ought to be two 
inches clear of the stone all round its circumference. 

Fig. 2, the upper grinding millstone, and iron cross or rind 
in its middle; in the centre of which is a square hose that takes 
in a square on the top of the iron spindle, to carry round the 
millstone. When the working sides or faces of the millstones 
are laid uppermost, the roads (or channels) must lie in the same 
direction in both ; so that when the upper stone is turned over, 
and its surface laid upon the under one, then the channels may 
cross each other, which assists in grinding and throwing out the 
flour; the sharp edges of the two furrows then cutting against 
each other like scissors. The roads are likewise laid out accord- 
ing to the way the upper stone revolves. In those represented 
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in the figures the running niill-stone is supposed to turn sun-- 
or as in what is called a rlghUJianded mill : but if the 
stone revol?^ the other way the channels must be cut the re- 
verse of this, and then the mill is termed a left-handed one. 

The elevation of this mill may be seen in Gray’s Millwright, 

pL XXXI. 

It will not be expected that we should allot much space to 
the theory of flour-mills, though it may not be advisable to 
pass it over entirely. We shall therefore give two or three 
theorems for a single flour-mill of the common construction, 
which may be applied with facility, so far as they are useful, to 
double or triple milk 

Let the weight of the upper stone when furrowed be = w, 
the resistance of the corn reduced to the distance of the centre 
of gyration, or at |. of the radius of the upper stone = r, then 

according to Belidor, r =: while according to Fabre ii = 

But when the upper stone to work most advantageously 
in every respect goes round 60 times in a minute, we have 


N * 35 4oO-r“B * 131} 

This, however, would require an upper mill-stone of about 
feet diameter: for when the diameter of that stone is d in feet, 
and N the most advantageous number of rotations in i minute, 

we have, from many observations, n = as introduced into 

the preceding theorem; and this, when x n 60, gives n =7t- 
Let the whole friction when reduced to | of the radius of 
the upper stone be represented by f, and the effective distance 
of the force or power from the axe on which the stone revolves 
= r, the number of teeth in the first or commanding wheel = 
M, and the number of staves in the trundle = 7n^ the number of 
revolutions of the water-wheel in 1 minute = the power 
which at the distance r from the axe of the water-wheel is ne- 
cessary to retain the whole load in equilbriiim := p ; so shall 
we have 


whence, p = 
or, because ^ 


Let the time in seconds in which the water-wheel revolves 
! = the velocity with which any point in its circumference 




mi 


moves = the height clue to this velodty. Ix'iiig ss" //^ r: 
3 * J 41.3935 and iv =: i 6 -,\ feetj then is ; 


i 


*l7tr 




5 and « 


60 s^gyi 


I'iiit it is also 


m ^ fli 

M' * ““ M 


60 

t Ttr 

■ 'lf£' ■ 

B 


therefore — = and r = 

BM yr 


An tindershot-wheel produces the greatest useful effect, wisen 
the height due to the velocity of the impinging water being ii, 


we have// = yir, or v\ v ; : : 1 : : 1 : ‘2*24- nearly : retaining 


these as sufficiently exact for practice, the most advantageous 
radius of the undershot water wheel, the water pusliing against 
shovels or float-boards, is 


4aO:iM 


0*01 9.l>Sr^-4oi 


or again ^ 


m 

•OIOlBMV 


where v is the velocit}" of the impinging water. 

But ill undershot-mills tlie flili is seldom, if ever, more than 
15 or 16 feet : in that case the most advantageous position of 
the work is to have 


122*27 


BV 


Further, let l = the number of pounds of meal which are 
produced every hour, -s* = the specific gravity of the upper 
mill-stone, that of water being unity, and b the solid content of 
the stone in cubic feet: the remaining letters having the same 
acceptation as before ; then 


for rye and wheat l = 0*D21d^.?b — pounds. 

: •! mr *• 


for old barley l =0’06d" 5B — pounds. 


Mr. Ferguson has made some practical observations on mills, 
which, as they are not far from coincidence with the preceding 
theorems, may be introduced here. 

When the diameter of the upper stone Is about 6 feet, as is 
generally the case, the lower is about an inch more: the upper 
stone then contains about 22 cubic feet, and weighs rather 
more than 19000 pounds. A stone of this kind ought never to 
revolve more than 60 or 70 times in a minute; for a more rapid 
motion ivould heat the meal. Nor must the water-wdieel be too 
large, for in that case its angular motion will be too slow; on 
the contrary, if the wheel be too small, it will be deficient in 
moving power: 18 feet diameter is., recommended as a proper 

' ■ . ■ ■ ' o 
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medium. And Mr. Ferguson, on the supposition that the floats 
of the wheel ought to move with a third part of the velocity of 
the water — a supposition, however, which is not strictly con- 
sistent either with theory or with Mr. Smeaton's experiments 
(see vol. I. arts. 4?73. 483, &c.)— gives the followung i^ules for 
coiistructing the chief parts of the mill. 

i . Measure the perpendicular height of the fall of water in feet 
above that part of tlie wheel on which the water begins to act, 
and call that the height of the fall. 

C Multiply this constant number §4-2882 (or rather 64|-) by 
the heiglit of the fall in feet, and extract the square root of the 
product, which will be the velocity of the water at the bottom 
of the fall, or the number of feet the water moves per second. 

3. Divide the velocity of the water by 3 ; and the quotient 
will be the velocity of the floats of the wheel in feet per second- 

4. Divide the circumference of the wdieel in feet, by the 
velocity of its floats ; and the quotient will be the number of 
seconds in one turn or revolution of the great water-wheel, on 
the axis of which is fixed the cog-wheel that turns the trundle. 

5. Divide 6o by the number of seconds in one turn of the 
water-wheel or cog-wheel; and the quotient will be the number 
of turns of either of these wheels in a minute. 

6. Divide 60 (the number of turns the mill-stone ought to 
have in a minute) by the above-said number of turns; and the 
quotient will be the number of turns the mill-stone ought to 
have for one turn of the water or cog wheel. Then, 

7. As the required number of turns of the mill-stone in a 
minute is to the number of turns of the cog-wheel in a minute, 
so must the number of cogs in the wheel be to the number 
of staves or rounds in the trundle on the axis of the mill-stone, 
in the nearest whole number that can be found. 

By these rules the following table is calculated; in which the 
diameter of the water-wheel is supposed 18 feet, and conse- 
quently its circumference 56^. 
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The Mlllteriffhfs Table* 


Per- 
pendi- 
cuUr 
Iseight 
of the 
fall of 
water. 

Velocity 
of the 
water in 
feet per 
second. 

Velocity 
cf the 
wheel in 
feet per 
second. 

Number, 
of turns 
of the 
wheel in 
n minute. 

Required; 
number 
of turns 
of the 
millstone 
for each 
turn of 
the wheel. 

Nearest 
nuib. of cogs 
and stares 
for that 
purpose 

9 « 

a-:. < 

■» S 

Number 
of turns 
of the 
millstone 
for one 
turn of 
the wheel 
by these 
cogs and 
staves. 

Number 
of turns 
of the 
millstone 
in .a' min* 
by the.se 
cogs .and 
sta.'¥es. 

r '■ ',i ■ 



2*83 

21*20 

127 

6 

2M7 

59*91'.^ 

, ' .2 ' 

n*4(} 

3.78 

4*00 

15*00 

105 

7 

15*00. 

60*00 


1.089 

„ 4 *(1.3 

4*9! 

12*22 

98 

8 

12*25 

60*14 

■..4 

IfHM 

5*.:55 

5*6’7 

10*5B 

.95 

.9 

10*56 

59.87 

5 

n-94 

, 5*98 

6*34 

9*46 

85 

9 

9-44 

59-B4 

■ 

■19*04 

(r.53 * 

6*94 

8*64 

78 

9 

8*66 

1 60*10 

t 

21*21 ; 

7*07 : 

7*50 

8*00 

72 

9 

8*00 

i 60*f!() 

■ 8 

22*6H ■ 

7 *53 ! 

8*02 

7*48 

67 

9 

7*44 

: 59*67 

*1 

2'4*0,5 ! 

8*02 

'8*5 ! 

7*05 

70 

10 

7-00 

59*57 

1 10 

2.4 *3.=) 

8*45 

3*27 

6*69 

67 

10 

6*70 

. 60*09 

! 1 1 

: 2:i*59 

8*89* 

9*4:) 

6*38 

64 

10 

6*40 

60*16 

12 

! 27*77 

9*20 

'9*32 

6*1 1 

61 

10 

6*10 

..59*90 

^ i 

1 28*91 


1 0*22 

5*87 

59 

10 

5*80 

60*18 

14 

i :. 2 :*oo 

10*8-0 

10*60 ■ 

5*63 

56 

io 

5*60 

59*36 

1 5 

i 3 1 -05 

1 0*35 

*0*99 

5*46* 

63 

•0 

1 5*40 

60*48 

la 

; 32’07 

10*69 

1 I..34 

5*29 

53 

10 

5*30 

60.10 

17 

33 ’06 

4I-02, 

1 !*7iJ 

5.1.3 

51 

40 

5*i0 

59*67 

is 

34*02 „ 

11*34 

1 2*02 

4.99 

50 

10 

5*00 

60*10 

19 

34*95 

11*65 

1 837 

4.85 

49 

IO 

4*80 

60*61 

20 

1 , 3.5*83 

! 1 ’9'2 

, 1 2*68 

4.73 

. 47 

10 

4*70 

59*5.9 


Mr. Fenwick, the author of Essays on Practical Mecha- 
nics,'’ made a numerous set of experiments on some of the best 
mills for grinding corn, in order to form a set of tables illustra- 
tive of the effect of a given quantity of water, in a given time, 
applied on an overshot water-wheel of a given size. His ob- 
servations, tables, and examples, will form the remaining part 
'of' this 'article. ■ ■ ■■ . 

The quantity of water expended on the water-wheel was 
ineasored with great exactness; the corn used was in a medium 
state of dryness; the mills, in all their parts, were in a medium 
working' stale; the millstones, making from 90 to 100 revolu- 
tions per minute, were from .4-t to 5 feet in diameter. 

The result of the experiments was, that the power requisite 
to raise a weight of llOOlbs. avoirdupois, with a velocity of 190 
feet per minute, would grind i boll of good rye in 1 hour; but, 
for the sake of making the following tables hold in practice, 
where imperfection of construction exists in some small degree, 
it is taken at COOlbs. raised with a velocity of 210 feet per 
minute, (being !-10th more): and for grinding % 5, 4, or 5 
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bolls of rye per hour requires a power equal to that wMcli could 
raise SOClbs. with the velocity of S50, 50(i, '677^ or 865, feet per 
mmiile respectively. The diiFerence of the power requisite to 
grind equal quantities of wheat from that for rye will be very 
trifling. 

The power required to raise a weight of SOOlbs. avoirdupois, 
with a velocity of 590 feet per minute, will prepare properly 
1 ton of old rope per week, for the purpose of making paper; 
and for preparing, in like manner, I tons of the same kind of 
materials per week, requires a power able to raise 300lbs. with 
a velocity of 525 feet per minute, the mill working from 10 to 
12 hours per day. 

A SET OF TABLES, s/iowing the quantity water ( ale niea^ 
sure) reqimite to ^'md different quantities qfcorn^ 1 to 
5 bolls ( W incliester measure ) per Iwur^ applied on overshot 
li^idcr-xoheeh^Jrom 10 to S^jfeet diameter ; also the size of the 
eylinder of the common steam-engine to do the same work. 


The water-wheel, 10 feet 1 

The water-wheel 

, 1£ feet 


diameter. 


diameter. 

Bolls of 

Quantity of 

Diameter of 

Bolls of 

Quantity of 

Diameter of 

corn 

water requisite 

the cylinder of 

corn 

water requisite 

the cylinder of 

grouiul 

in ale gallons, 

a steam-engine 

ground 

in ale gallons. 

a steam-engine 

per iioiir. 

per minute. 

to do the same 

per hour. 

per minute. 

to do the same 



work, in inches. 



work, in inches. 


786* 

12 5 

I 

655 

12-5 


!0;>(> 

14-6 


873 

14*6 

2 

1311 

16-75 

<•> 

1091 

16*7.> 


1617 

18-5 

■ %. , 

1343 

18*5 

'e 

18i)4 

20-2 

3 

1576, 

20*2 


22W 

21-75 

U 

1840 

21-75 

, 4 

2B41 

23-25 

■4 

2117 ' 

23*25 


‘2891 

■ 24-75 

4# 

2408 

24*75 

■ b' 

3242 

26-25 

5 

2700 

26*25 

The water-wdiee: 

, 11 feet 

The 

water-wheel, IS feet 


diameter. 


diameter. 

Bolls per 

Water, gallons 

Cylinder, in 

Bolls per 

Water, gallons 

Cylinder,' in 

hour. 

per minute. 

inches. 

hour. 

per minute. 

■ : inches. ", 

i 

705 

12-5 

1 

606 

!2'5 ■ 


945 

14-6 

; If . . 

806 

.■!4-6 . 

. 2 

1188 

16-75 

2 

1009 

■■■"^"16-75^' " 


1454 

18-5 

■■ 

1234 


3 

1723 

20-2 

3 

1458 

‘20'2 

H- 

2014 

21-75 

5f 

1705 

21*75 

4 

2306 

23*25 

4 : ' 

1952 

23*25 


2626 

24-75 , 

4-i| 

2223 

24*75 

5 

2944 

26*25 

5 

2494 

26*25 


■ ■ ■ 1 ^,, 


' Tte, water-wheel 

, 14 feet „, 

The water-wheel, 1 T ■' feet , 


diameter 

• 


diameter. 

Bulls of 

Quantity of 

Diameter of 

Boils of 

Quantity of 

"Diaiaeter of 

corn 

water requisite 

the cylinder of 

corn 

water requisite 

the cylinder »f 

^grooad 

in ale galions> 

a steam-engine 

ground 

in ale gallons, 

a steam-engine 

.per li our. 

per minute. 

to do the same 

per hour. 

per minute. 

to do the same 



work, in, .inches. 



work, in inches. 

■ . 

564 

12*5 

I 

458 

12*5 

H 

740 

,. 14-6 


628 

14*6 

*2 

927 

16-75 

2 

770 

I6*7'5 


1140 

i8-5 

24 

943 

18*5 ■ 


1353 

' 20-2': 

3“ 

1117 

20*2 


1583 

21-75 


1300 

.21*75 ■ 

4“' 

S8U 

.23*25 

4 ■ 

1482 

23*25 

*14 

2000 

. , .24-75 

4f , 

1695 

24*75 . 

5*' 

2306*,'., 

26*25 

5 ■ 

1906 

26*25 

The water-wheel, 15 feet 

The water-wheel 

, 18 feet 


diametei 

• 


diameter. 

Boils per 

\¥ater, gallons 

Cylinder, in 

Bolls per 

Water, gallons 

Cylinder, in 

iiour. 

per minute. 

inches. 

hour. 

per minute. 

inches. 

i 

535 

12-5 

1 

440 

12.5 

H 

710 

14-6 


595 

14-6 

•2 ' ' 

894 

16*75 

2 

730 

16-75 


1090 

18-5 


860 

18*5 

3' : 

1290 

2 U-2 

3 

1054 

20*2 


1503 

21-75 

' H 

1227 

21*75 

4' 

1 , 1717 

23-25 ■ 

4 ■ 

1400 

23*25 

4^ 

1967 

24-73 

44 

1600 

24*75 

5i 

■ 2211 

28-25 

5 

1800 

26*25 

The 

water-wheel, 16 feet 

The 

water-wheel, 19 feet 


diameter. 


diameter. 


Bolls .per 

■■hour..''; 

Water, gallons' 
per minute. 

Cylinder, in 
inches. 

Bolls per 
hour. 

Water, gallons 
per minute. 

Cylinder, in 
inched. 

I 

' 49.1 '" 

12*5 

1 

411 

' 12*5 


650' 

14*6 


550 

14*6 

'*2 . 

811 ' 

16-75 

2 

690 

16*75 

'24'."''' 

'.993 .. 

18*5 

n 

845 

las 

. 3 ,^ . 

'1176 

20*2 

a 

1000 

20*2 

'' ■'% "' ''' 


21*75 

■ "3^' 

1165 

21*75 

■' ."4 : 

1582. ' 

I 23*25 '. 

... ,4.' 

1330 ; 

23r25 

44* ' 

■■■•■'' 1802" 

j 24*75 

'Ah. 

■' 1517 

24-75 

■" 5*"'^ 

' ■■ '2,023.' ■' 

. 26*25 

. o'".' 

1707 

26 25 
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The water-wheel, ^0 feet 
diameter. 


The, water-wheel,. ■ £3 feet; 
diameter* 


Bolls of [ Quantity of j Biameter of 
corn water rerjniaitc' the cylinder of 
ground in ale gallons, a steam-engine 
|)er hour, per minute, jto do the same 
work, in inches. 

Bolls of 
corn 
ground 
per hour. 

Quantity, of 
water requisite 
in ale gallons, 
per minute. 

Diameter of 
the cylinder of 
a steam-engine 
to do the same 
work, in inches. 

1 ■ 

392 

12*5 


338 

, '12*5.. ' ' 


530 

146 

H 

454 

14*6'. 

2 

675 

I6‘75 

2' 

570 

. ' 16*75- 


SOB 

■■ 18-.5' 


707 : 

18*5 

a 

945 

20.2 

, ; 3 , ■ 

824 

20*9 


1110 

21*75 

'■ 

964 

21*75 

4 

1270 

23‘25 

4 

U24 

23*25 


1445 

24*75 


1258 

24.75 

5 . . 

’ 1623 

26*25 

5 

1412 

26*25 


The water-wheel, £l feet 
diameter. 


hour. 

- . O 

I per minute. 

1 

i 370 

H 

1 500 

2 

i 635 


1 767 

3 

; 900 

34 

lOtsO 

4' 

, 1212 


1379 

5 

1517 


The water-wheel, £4 feet 
diameter. 


c? 

per minute. 


The water-wheel, ££ feet 
diameter. 


Bolls per Water, gallons Cylinder, 
hour. per minute. inches. 
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The , water-wheel 

,■'26 feet,, , 

■ The water-wheel 

,, 29 feet 


diameter 

■ 


diameter 


Bolls of 

Quantity of 

Diameter of 

Bolls of 

Quantity of i 

Diameter of 

corn 

water recjuisite 

the cylinder ot 

corn 

water" requisite! 

the cylinder of 

ground 

In ale gallons, 

A sttam-engine 

ground 

in ale gallons, | 

a steam-engine 

per hour. 

per minute 

to do the same 

|>er hour. 

per minute. | 

to do the same 



work, In inches. 



work, in inchc'S. 

1 

.303 

12«3 

1 

274 

12*5 

n 


14*6 


363 

14*6 

'■ 2 " ' 

■504 

16*75 1 

2 

453 

16*75 


. 6 } 7 

18*5 j 

H- 

■ 557 ■ 

18'*3 '' 


730 ■ 

20*2 ' : 

.3 

660 

20*2 , 


852 

21.75 ' 1 

■ 34 ' 

■770' ' 

21*75 

4’* 

975' 

23*25 '.I 

4- '■ 

880 

23'*23 : 

41- 

IIU 

24*75 ' I 

, c 

1005 

24*75 

5 

12 '47 

' 26.23 ■■ ■! 

i 

S 

t 

. ' 3 

1130 

2'6*25' 

The 

1 

' 1 

water-wheel, 27 'feet : 

The water-wheel 

, 30 feet 


diametei 

• 


diameter 

• 

Boils per' 

Water, gallons 

Cylinder, in 

Bolls per 

"Water, gallons 

Cylinder, , in 

'hour. 

per minute. 

inches. 

hour. 

per minute. 

inches. 

1 

293 

12*5 

1 

267 

12*5 


385' 

14*6 


355 

' 14*6 

2 

482 

16*75 

2 

447 

16*75 


593 

18*5 


543 

18*3 

3 

7'03 

20*2 

3 

645 

20*2 


822' 

21*75 


750 

21*75 

4 

940 

23*25 

4 

858 

23*25 

‘*4 

1070 

24*75 


983 

24*75 

5 

1200 

26*25 

5 “ 

. 1 106 

; 26*25 

The water-wheeL feet 

1 The water-wheeL 31 feet 


diaiBeter, 


diameter. 

Bolls per 

Water, gallons 

Cylinder, in 

Bolls per 

Water, gallons 

Cylinder, in 

hour. 

per minute. 

inches. 

hour. 

per minute. 

inches. 

1 

282 

1 2*5 

1 

256 

12 *.7 


' ' ''370 

* ■ ' 'I4*'6 

%■ 

340 

14*6 

2' '■ ' 

. 433 

} ■ 16*75 

2 

426 

16*75 


, 57i> 

['''' ' 18*5 

■ 

510 

18*5 

■ ,.3 

670 

■ ' " '20*2 

3 

620 

20*2 


791 

• 21*75 

3^- 

717 

21*75 

4 . 

1 905 

‘ 23*25 


827 

23*25 

•u 

1 ] 030 

2i*75 

.. , di-' 

940 

24*75 

5 " 

! 1 1 53 ■ 

26*25 

! ■ .. 

1058 

26*25 



20 ^ 


MACHINES. 


The water-wheel, 32 feet diameter. 


Bolls of corn ground 
per hour. 

Quantity of water 
requisite in ale gallons, 
per minute. 

Diameter of the cylin- 
der of a steam-engine 
to do the same work, 
in inches. 

■ 1 ' 

245 

!2*3 

I;V. ■ 

325 

14*6 

2'',. . ■ 


ii.>*75 


406 ■ ■ 

18-5 

■ ' ; 3 

588 

20*2 


690 

21-75 

.,4 ■ 

791 

23*25 

. ■.4^ :: 

i ■ . ■ ■ 900 ; ;■ 

24*75 

'b : . ■■ 


26*25 


To make the foregoing tables applicable to mills intended to 
be turned by undershot or breast water-wheels : from Smea- 
ton s experiments it appears, that the power required on an 
undershot water-wheel, to produce an eflPect equal to that of 
an overshot (to which the tables are applicable), is as £'4 to 1 ; 
and also the power required on a breast water-wheel, which 
- receives the water on some point of its circumference, and 
afterwards descends on the ladle boards, to produce an equal 
eSect with an overshot water-wheel, is as 1*75 to 1. 

A Table^ i^Ae necessary she qf^ the cylmde7' of a 

common steam-engine to grind different quantities of corn^ Jrom 
1 to 12 l)olh to 4^ bushels Winchester measure) per hour. 


Bolls of corn ground 
per hour. 

Diameter of the cylinder, 
in inches. 

I 

12*3 

H \ 

14*6 

2 1 

16-75 

■ 2^ 

18*5 

3 

20*2 

H 

21*75 ■ ' ' 

4 

23*25 


24*75 

5 

26*25 

H 

27*25 

6 

28*1 

% 

29 

7 

29*8 

H- . 

31*1 

8 

32 

8^ 

33*3 

9" 

34*2 


35*2 

10 

36 . 

m 

37*3 

11 

38"' 


38-85 

12 

39*5 


N. B. This table will be applicable to any improved steam-engine, as well as that 
of the common kind, if the ratio of their efficacies is known. 
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Appiivafmn r^*tke tables.^ 

Example L — If a stream of water j, prodociog S08 gallons 
ale measure per miruite, can be applied on an .oi'ershot water- 
wlieci W feet diameter, what quantity of com will it be able to 
grind per hour? 

Look in the tables under a 20- feet water-wheel, and op- 
posite 8(;8 giillons will be fouiKl 2| bolls of.'.corn ground'.per 
hour. 

E?iAMFLE II. — If a stream of water, producing 808 gallons 
a!e intMHure per minute, can be applied to an undershot water- ; 
wheel 2*) feet diameler, wliat quantity of corn can it grind per 
hour? 

It is found by the tables, thcit if applied on an overshot 
water- win ei 20 leet diameter, ihe stream will grind 2 p bolls 
per hour ; and, from page 202, the power required by the un- 
dershot to that of the overshot water-wheel, to produce an equal 
eifect, is as 2*4 to i; therefore, as 2’4 : I 2*5 : i*Q!' bolls of 
corn ground per hour by means of the stream. 

Example III, — If a stream of water, producing 808 gallons 
ale measure per minute, can be applied on a breast w'ater- 
wheel 20 feet diameter, what quantity of corn can it grind per 
hour? 

It is found by the tables, that, if applied on an overshot 
water-wheel of equal size, 2p bolls of corn will be ground per 
hour; and, from page 202, the power of a breast water-wheel 
to that of an overshot w^ater- wheel, to produce an equal effect, 
is as 1*75 to i,; therefore, asl*75 : 1 : : 2*5 : ;l*4£ .balls of corn' 
ground per hour by the stream. 

Example IV. — Of what diameter must the cylinder of ir 
common steam engine be made, to grind H ) bolls of corn per 
ho'ur? 

By looking in the table, page 202, opposite 10 bolls ground 
per hour, the diameter of the steam cylinder will be found to 
be S'6 inches. ■ 

FLY, is a name given to a certain appendage to many ma- 
chines, either as a irgulator of their motions, or as a colkctci' of 
power. When used as a regulator, the fly is commonly a heavy 
disk or hoop balanced on its axis of motion, and at right angles 
to it : thougli sometimes a regulating fly consists of vanes or 
wings, v/hich as they are round meet with considerable 

resistance from the air, and thus soon pi event any acceleration 
in the motion : but this kind of regulator should rarely, if ever, 
be introduced in a working machine, as it wastes much of the 
moving foice. Wlieii the fly is used as a eolleetor of power, 
it is frequently fecen in tlie form of heavy knobs at the opposite 
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ends of a straight bar ; as in the coining-press. In arts. 18.*2S. 
of the introdoctory part of this volanie the reader will find 
several remarks on the nature and operation of the different 
kinds of flies used in machines. 

FOUT-MILLj is a mill for grinding corn or any other sub- 
stance, moved by the pressure of the feet of men or animals In 
some foot-mills, a horse or an ox is fixed to a stall upon a floor 
above a vertical wheel ; and a hole is made in the floor in the 
place where the hind feet of the animal should stand, thus ad- 
mitting those feet to press upon the rim of a wheel, and cause 
the wheel to turn upon its axle, and give motion to the whole 
mill. But in this kind of machine the animal will be obliged 
very unnaturally to move his hind feet while his fore feet will 
be at rest : and further, the motive force being applied near 
the vertex of the wheel will act but with little advantage ; and 
the work done will be comparatively trifling. 

A niucli more judicious construction of a foot-mill is given 
in G. A. Bockler''s Theatrnm Machinarmn^ published at Nu- 
remburgh, in 1661. This mill is represented in fig. 1 - pi. XV. 
A is an inclined wheel, which is turned by the weight of a man, 
and the impulsive force of his feet w’hile he supports himself, or 
occasionally pushes witli his hands at the horizontal bar h. The 
face of this wheel has thin pieces of wood nailed upon it at 
proper distances, to keep the feet of the man from slipping 
while he pushes the wheel round ; and the under side has pro- 
jecting teeth or vraves which catch into the cogs of the trundle 
B, and by that means turn the horizontal shaft g with its wheel 
c : this latter wheel turns the trundle jd, the axle of which car- 
ries the upper millstone e. This kind of footmill will answer 
extremely well to grind malt, &c. when no very great power is 
required. The advantages and disadvantages of the inclined 
wheel have been stated under the article Ceane, when describ- 
ing the contrivance of Mr. White, which is the same as this of 
Bockleris with respect to the wheel. 

FORCER, TBxViPORARY, for a piimp, is a contrivance to 
produce a constant stream. Avery simple forcer of this kind 
has been devised by Mr. R. Trevithick: it consists in fixing a 
barrel with a solid piston along the side of the common pump, 
in such a manner, that the lower space of the additional barrel 
may communicate with the space between the two valves of the 
pump; and, lastly, bjr connecting the rods so that they may 
work together. This is shown in fig. 1. plate IX.; and the 
effect is, that when the pistons are raised, the spaces beneath, a 
and B, become filled by the pressure of the atmosphere, at the 
same time that the upper column flows out at e. But again, 
when the pistons descend, the valve c shuts, and consequently, 


TEMPOEARY FOECEE. 


SOa 


the water driven by the piston in b must ascend throogh a, and 
continue to produce an equal discharge through e inihedowii 
stroke* (Nicih Journ, No. 7. N. S') 

FOUNTAIN, Hero's. See HYDUAvtic mdelines. No, 6. 

, GIBBET, or JIB, ofa crane, the projecting beam, upon the 
extremny of which is fixed a pulley for the rope to pass over 
that raises the weight: it is represented by def, in fig. S. pi; IX. 
Jibs of the usual construction turn on two solid gudgeons. ' The 
rope by which tlie goods are raised passes over the upper 
gudgeon, and is contined between twosoiall vertical rollers, in 
order that it may constantly lead fiiir with the pulley or slieavc 
at the extremity of the jib. According to this construction, 
whenever the crane turns roimd its axis, the rope is bended so 
as to form an angle more or less acute, which causes a great 
Increase of friction, and produces a continual effort to bring the 
arm of the Jib into a parallel position to the inner part of the 
rope. These inconveniences may appear to be trifling on paper, 
but in actual practice they are of no small importance, for they 
necessarily imply a ir < ich greater exertion of power in raising 
goods, and the application of a constant force to keep the jib 
in the position that may be requisite; while the partial stress 
which is exerted on only a few strands of the rope, when bended 
into an acute angle, infallibly destroys it in a very short time. 

The simple construction proposed by Mr. J. Bramah obviates 
all these defects, and at the same time possesses the very desirable 
property of permitting the jib of w^hat is termed a camp-shut 
or landing crane wholly to revolve round its axis, and to land 
goods at any point of the circle described by the arm of the jib- 
It consists in perforating the axis or pillar of the crane, and 
in conducting the rope through this perforation by means of an 
additional pulley fixed on the top of the arm of the jib. The 
rope proceeds from the goods which are hoisted, thiougii a 
pulley fixed as usual at the extremity of the jib ; it then passes 
over another pulley fixed at the opposite extremity of the jib, 
and is by this pulley conducted through the perforated axis or 
pillar to a third pulley ; whence it is immediately directed to 
the crane by which the weight is elevated. 

It is almost unnecessary to state that the lower axis is usually 
fixed in an oil box, and that friction rollers are applied to the 
axis wherever the circumstances- may render' it necessary, 

W are to be raised, as large stones from a 

^quarry, or pieces of ordnance from a ship to a quay, the crane 
is commonly a fixed one, and only the gibbet moveable, from 
which the weight hangs. Here, in the common way of w^ork- 
ing a crane, the rope of \vhich runs between two vertical rollers, 
there is often much danger in turning the gibbet upon its axis. 
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A small rope, called a guide-rope, is fastened to the ^veight, or 
to the upper part of the gibbet near its extremity, which a man 
pulls to bring the weight over the place where it is to be lowered. 
Now, in performing this, the main rope not continuing parallel 
to the arm of the gibbet, gives the weight a tendency towards 
that side to which it deviates, and that sometimes so suddenly, 
that without care and much force applied, the load will swing 
with great violence, and do much mishief. To prevent this, 
Mr. Ralph Allen of Bath, about the year recommended 
the following method : Upon the shaft of the gibbet let there 
be fixed an iron wheel with several teeth or cogs, to be carried 
round by a pinion fixed upon a horizontal axis, such axis 
passing through the wall or frame-w''ork behind the shaft of the 
gibbet, and having at its further extremity a vertical wheel with 
handles projecting from the rim in the plane of the wheel. 
man standing at this wheel is out of the reach of danger from 
the load, and by applying a small portion of his strength at the 
handies of the wheel he can easil}^ bring the gibbet and its load 
to any position required, and retain it as long as necessary in. 
that position. A figure representing this contrivance is given 
in the Phil 'Trans, No. 411 . and in Fergusoifs Select Lectures. 

GIMBALS, a contrivance by means of which barometers, 
vessels of oil, mariners compasses, &c. may be suspended so as 
to arrange their upper parts liorizonially. The nature of this 
contrivance will be at once understood by showing its applica- 
tion to a mariner’s compass. It consists of a h<.)op or ring 
supported upon two pins diametrically opposite each other, and 
issuing from the external surface of the ring in such a direction 
that both lie in the same diametrical line. When the hoop is 
suspended on these pins it is at liberty to turn freely about the 
diameter of which they constitute the prolongation. The 
notches or boles of support are disposed fiorizontally. The 
compass-box itself is placed in a similar ring with two project- 
ing pivots ; and these pivots are inserted in holes made in the 
former ring at equal distances from each of iif-y pivots. If there- 
fore the whole be left at liberty, the compass-box may vibrate 
upon the diametral line of the outer ring, as well as upon a line 
formed by its own pivots, at right angles to that diametral line. 
The consequence of this arrangement is, that the centre of gra- 
vity of the compass-box will dispose itself immediately beneath 
the intersection of both lines on w’hich it is at liberty to move: 
— that is to say, if the weight of the box and its component 
parts.be properly disposed, the compass will assume a position 
in which the upper surface shall be horizontal. 

(3-IN. See.CEAB. 

GLAZIERS’S VICE, is an instrument for drawing %vindow 
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lead. See fig. ts* pL XIL fg, w, are- two axles raiiiiing in 
the frame Kh^ ml. c, b, two wheels of iron case-hardened^ l-t 
inch broad, and of the thickness of a pane of glass ; these, wheels 
are fixed to the axles, and ron very near one another, their di- 
stance not exceeding of an inch : across their edges several 
nicks are cut, the better to draw the lead throogli. e, f, are 
two pinions each of twelve leaves, turning one another and going 
upon tlie ends of the axles, wliich are square, being kept fast 
there by the nuts p, q, which are screwed fast with a key. a,, b, 
are two cheeks of iron, case-hardened, and fixed on each side 
to the case with screws; these are cut wdth an typeniiig where 
the two wheels meet, and set so near to. the wheels as to leave a 
space equal to the thickness of the lead; so that between the 
wheels and the cheeks there is left ahole of the form represented 
at N, wdiich is the shape of the lead 'when cut through. 'The 
frame klml is held together by cross bars passing through the 
sides, and screwed on : and a cover Is put over tlie machine to 
exclude the dust. The wliole is screwed down fast to a bench 
by screw nails ll. When the vice is used, the lead to be drawn 
is first cast in moulds, into pie.ces. a .foot long, with a gutter on 
each, „ side. .One of these, .pieces is. taken, and an end of it 
sharpened a little with a knife ; then being put into the hole 
between the wheels, by turning the handle x the lead is drawn 
through the vice, and receives the form designed. 

... ■ GOVERNOE,. a, contrivance,, for .the purpose of equ^tlizing 
the motion of mills and other machinery. 

When a part of the machinery of a mill is suddenly stopped, 
or suddenly set going, and the moving power remains dsesatpe, 
an alteration in the velocity of the mill will take place; it will 
move faster or; slower. . Every machine having a certain velo- 
city at which it will w^ork , at greater advantage than at any 
other, the change of velocity arising from the above cause is in 
all cases a disadvantage, and in delicate operations exceedingly 
hurtful. In the case of a colton-mill, for instance, which is 
calculated to move the spindles at a certain rate, if from any 
cause the velocity is much increased, a loss of work iippediately 
takes,, place, and an increase of was,te from the breaking of the 
.threads, ,„&c.„;„„on' .the . other,' .hand, there must be an evident loss 
from the machinery moving too slo wl 

In steam-engines this evil is remedied by a contrivance called 
a govirmr. (See fig. L pL XL.)— Two balls are fixed to the 
ends of rods, in continual revolution, and as soon as the motion 
becomes a little too rapid, the balls rise considerably,’’ and, by 
the intervention of a lever, act upon a throUle-mlvc\ which di- 
minishes the quantity of steam admitted, and of course serves 
to make the motion less rapui 
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1. Tke steam^f^ine fig, 1 . represents a spin^ 

die kept in motion by the engine ; a, the ceotrifygal balls ; 
CAj ana CB, the rods by which the balls are suspended. These 
rods cross one another, and pass through the middle of the 
spindle at c, There is a round pin put through the spindle and 
the rods a.t e, which serves as the point of suspension for the 
centrifugal balls or revolving pendulum. There is a pai I of the 
spindle above c, which is square, and nicely polished, so that 
the piece of brass, m, may slide easily up and down upon 
The piece of brass m is round on the outside, and has an exter- 
nal groove turned upon the upper end of it to receive the lever 
NO, the fulcrum of which is at p. This piece of brass is con- 
nected with the ball-rods by two short pieces and joints bb, fo. 

The construction of steam-engine governors sometiihes differs 
a little from that now described; but if this pai ticular construc- 
tion be understood, there will be no difficulty in comprehending 
any other in use. 

Operation , — When the engine goes too fast, the balls fly off 
from the spindle, and depress the end, n, of the lever, which 
partly shuts the throttle-valve, and thereby diminishes the quan- 
tity of steam admitted into the cylinder; and, on the other hand, 
when the engine goes too slow, the balls fall down toward the 
spindle, and elevate the end n, of the lever, which partly opens 
the throttle-valve, and thereby increases the quantity of steam 
adniitted into the cylinder. The theory of the conical pendu- 
lum is given in art. 288, vol. L 

2. In a wind-mill, when the velocity is increased by the irre- 
gular action of the wind, the corn is sometimes forced rapidly 
through the mill without being sufficiently ground. There is 
an elegant contrivance for preventing this (similar to the gover- 
nor of a steam-engine), but which was much earlier in use, called 
in some parts of England a ly^irienter^ By means of the cen- 
trifugal force of one or more balls, wffiich fly out as soon as the 
velocity is augmented, and allow a lever to rise with them, and 
cause the upper millstone to descend and bring it a little nearer 
to the lower one.” 

This machine is curious, and might perhaps in other cases be 
usefully applied. We shall, therefore, describe two construc- 
tions, both on the same principles. 

Life-Tenters Jb7' Wind-mills, — First 
machine, and part of the stone-spindle and framing with which 
it is connected, are represented in fig. 3. pL 

To the stone-spindle there are fixed four arms Aj a, A, a; 
there are four similar arms b, b, b, b, firmly attached to the 
hollow cylinder c, which is loose on the spindle fg. 

The pendulums d, d, n, n, are hung above, to the arms 


Aj Aj Aj Aj anti through holes toward ■ their ' lower extremities 
pass the arms of the loose cylinder. 

When the mill is at rest, the pendulums hang vertically; bat, 
by their centrifugal force, when the mill is in motion they hang 
obliquely ; and that obliquity is increased in proportion to the 
velocity, and proportionately raises the loose cylinder €. 

This cylinder c acts on iho one end of ihe lever e, which has 
a connexion with the clove upon which the bridge of the stone 
spindle rests, and accordingly raises or depresses the upper 
millstone in proportion as tiie wind is weak or strong. 

Second Cmsirmimn, Another modification of the same 
principle (applied above the mill-simeSi) but having one pen- 
dulum only, is represented by fig. 4. and will be easily under- 
stood from what has been said respecting the first construction. 

S, Governors are sometimes applied to water-wdieels, and 
made on various constructions. Smiths’ bellows hav^e been ap- 
plied to that use, the upper board rising or falling in proportion 
to the velocity of the lower board, which received its motioii from 
the mill. But w’e shall proceed to describe a construction 
which has for several years been at work in Cartside cotton- 
miil, w'liich w^as erected under the direction of the late Robert 
Burns, Esq. 

JVater^^wkeel Governor.— First Construction. The principles 
of this kind of water-wheel governor are nearly the same as 
those of the governor of a steam-engine. It has a revolving 
pendulum which receives its motion from the mill, and in pro- 
portion as the machinery moves faster or slower, the centrifugal 
force acts upon the governor and raises or depresses an iron 
cross, which, acting on a lever, reverses the motion by the 
wheel work, which operates upon a sluice so as to enlarge or 
lessen the passage of the water to the w^ater-wheel ; this sluice 
is made on the principles of the throttle-valve^ in order that it 
may be moved by a small power. So long as the machinery 
is moving at a proper velocity, this wlieel-w'ork of the sluice 
apparatus remains at rest. 

Fig. 5. represents different views of this machine, and some 
of its parts detached. The same letter in all the figures refers 
to the same part 

The revolving pendulum efgh, receives its motion from the 
mill- work by means of a rope giving motion to a pulley i. The 
upright shaft mn is kept in constant motion by the wheel- work 
OPES. The wheel N acts constantly into the two bevelled 
wheels t and tj, and makes them move in contrary directions. 
They are loose on the shaft when the mill is going at its proper 
speed. . . , 

But if the mill moves either too fast, or too slow, the one of 
VOU II. p 
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tJiese wheels, by means of a clutch % in a way to be described, 
is connected with, and carries round, the lying shaft dc, and, 
by a pair of bevelled wheels, communicates motion to the 
oblique shaft bW; which again, by a screw x, and qaadrant- 
w'heel Y, moves the sluice z, and by making it stand more or 
less oblique, alters the area of the passage for the water. 

From inspecting fig. 5. No. 1. it will be evident that the box 
a , will be raised or depressed, in proportion as the balls e and 
F, of the revolving pendulum efgh, are further or nearer to the 
centre of motion; when the velocity is greatest, the balls e and 
F, by their centrifugal force, will extend themselves farthest 
from the centre of motion, and raise the box a. See also fig. 5. 
No, 2. No. S. and No. 4. 

To the box a, is fixed a cross be. There is a forked lever 
dqCj the fulcrum of which is and wdiich turns horizontally. 
This forked lever has four prongs 1 , 2, 3, 4. 

When the mill is at its proper speed, the cross works within 
the prongs 1 and 2; in this situation of the forked lever, the 
clutch Q is disengaged from both the wheels t and u, and they 
move on their bushes without carrying round the lying shaft. 
The clutch is made to slide on a part of the shaft w4ich is 
square. 

When the mill goes too quick, the cross gland is raised, and, 
in turning round, strikes the prong 3, which immediately causes 
the lever to throw the clutch into the arms of the wheel u, 
which then carries the clutch and shaft round with it, and by 
the means already described, acts on the sluice, and by lessening 
the quantity of water falling on the wheel, diminishes its speed. 

On the other hand, when the mill goes too slow, the cross is 
depressed, and, striking the prong 4, reverses the motion of the 
shaft, and so produces a contrary effect on the sluice. 

It may be proper to remark, that the train of wheel- 
work is so calculated as very much to reduce the motion at the 
sluice, and it is ibund from experience, that this is necessary. 
Were the area of the aperture too suddenly changed, the efiect 
on the water wheel would be too violent. Every time the mill 
is stopped, it is proper to lift the wheel a out of gear. The 
centre on which the sluice turns should be one third of its height 
from the bottom, in order that the pressure of the water above 
the centre may balance that below. 

At m there is an upright shaft, which is worked by hand when 
required. 

Water-wheel Governor, ~Seeond Construction, Fig- 6. re- 
presents a sluice regulator as executed in some parts of 
England. It differs little from that already described, only that 
the lying-shaft ab receives its motion immediately from the mill. 
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instead of from the axle of the revolvin||' penciokm^ as in the 
first construction. From having so minutely described that 
construction, the attentive reader will find no difficulty in com- 
prehending fig. 0. from inspecting the plate. 

These ingenious contrivances, with the illustrative diagrams, 
are extracted from Buchanan’s Essays on Mill Work,'’ where 
other constructions for like purposes may be seen. 

GRAVIMETER, the name given by -M, Guyton to an in- 
strument for measuring specific gravities : he adopts this name 
rather tlnin either areometer or hydrometer, because these latter 
terms are grounded upon the supposition that the iiquidis 
always the thing weighed ; whereas, with regard to solids, the 
licjuid is the known term of comparison to which the unknown 
w'eight is referred. 

Guyton's gmvimeter is executed in glass, and is of a cylin- 
dric form, being that which requires the smallest quantity of 
fiuid, and is on that account preferable, except so far as it is 
necessary to deviate for the security of a vertical position. Like 
Nicholson’s Hydrometer (art. 404. vol. I.) it carries two basins; 
one of them superior, at the extremity of a thin stem, towards 
the middle of which the fixed point of immersion is marked. 
The other, or lower basin, terminates in a point ; it contains 
the ballast, and is attached to the cylinder by two branches. 
The moveable suspension by means of a hook has the incon- 
venience of shortening the lever which is to secure the vertical 
position. 

The cylinder is 22 millimeters (0'7 1 inch) in diameter ; and 
21 centimeters (6*85 inches) in length. It carries in the upper 
basin an additional constant weight of 5 grammes ( 1 1 f grains). 
These dimensions might be increased so as to render it capable 
of receiving a much more considerable weight ; but this is un- 
necessary. M. Guyton has added a piece which he calls the 
plongeiir^ because in fact it is placed in the lower basin when 
used, and is consequently entirely immersed in the fluid. It is 
a bulb of glass loaded with a sufficient quantity of mercury, in 
order that its total weight may be equal to the constant addi- 
tional weight, added to the weight of the volume of water dis- 
placed by this piece. It will be readily understood that the 
weight being determined at the same temperature at which the 
instrument was originally adjusted, it will sink to the same 
mark on the stem, whether it be loaded with a constant ad- 
ditional weight in the upper basin, or whether the effect of 
this weight be produced by the additional piece in the lower 
dish. From this explanation there will be no difficulty in 
seeing how this instrunieiit may be adapted to every case in 
practice. 
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It may be used 1. for solids. It diiSFers not in this respect 
from NichoIson‘'s hydrometer. The only condition will be, as 
in his instrument, that the absolute weight of the body to be 
examiiied shall be rather less than the constant additional 
weight, which in this instrument is 5 gi’ammes, or 1 15 grains. 

2. For liquids of less specific gravity than water, the iostru- 
ment, without the additional weight above mentioned, weighs 
about 2 decagrammes (459 grains) in the dimensions before laid 
down. It would be easy to limit its weight to the utmost ac- 
curacy. W e have therefore the range of one-fifth of buoyancy, 
and consequently the means of ascertaining all the intermediate 
densities from water to the most highly rectified spirit of wine, 
which is known to bear in this respect the ratio of 8 to 10 with 
regard to water. 

8. When liquids of greater specific gravity than water are to 
be tried, the constant weight being applied below, by means of 
the additional piece, which w^eighs about 6 grammes ( 1 SB 
grains), the instrument can receive in the upper basin more 
than 4 times the usual additional weight, without losing the 
equilibrium of its vertical position. In this state it is capable 
of showing the specific gravity of the most concentrated adds. 

4. It possesses another property common to Nicholson’s in- 
fitruinent , natuely, that it may be used as a balance to determine 
the absolute weight of such bodies as do not exceed its addi- 
tional load. 

5. Lastly, the purity of the water being known, it will indi- 
cate the degrees of rarefaction and condensation in proportion 
to its own bulk. 

This instrument may be readily constructed by any workman 
in glass. The additional piece for the lower basin will require 
some attention to make it perfectly agree with the constant 
upper weight, as to the immersion of the instrument; But this 
object may, by careful adjustment, be ascertained with the ut- 
most certainty and accuracy. The bulb of glass is for this pur- 
pose drawn out to a fine point, a sufficient quantity of mercury 
is then introduced tosiuk it, and the aperture closed with a little 
piece of wax. The bulb being then placed in the low-'er basin 
of the instrument, the upper basin is to be loaded untiithe mark 
on the stem becomes accurately coincident with the surface of 
the water. The sura of the w^eights added above is precisely 
equal to that of the quantity of mercury necessary to be added 
to that in the glass bulb ; which done, nothing more is needed 
than to seal the point by fusion, taking care not to change its 
bulk. 

The whole is rendered portable by means of a case in which 
all the delicate parts are secured from pressure, and the heavier 
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parts supported in such a manneras to resist theexcessof motion 
they are capable of acquiring by virtue of their mass, lliis last 
circumstance is frequeiitl}" overlooked by such workmen as are 
employed in the package of instruments; whence it necessarily 
folio wSj that some strain or fracture must be produced wlien 
matters of very unequal density are exposed to receive a com- 
mon impulse. 

To find the specific gravity of any solid by the gravimeter, 
observe this rule : From the weight in the upper dish, when 
the instrument is properly immersed in the unknown fluid, take 
the weight which is placed with the body in the same scale at 
the like adjustmeiit. The remainder is the absolute weight of 
the solid. Multiply this by the specific gravity of the fluid, and 
reserve the product. From the additional tveight when the 
body is placed in the lower basin, take the weight when it was 
placed in the upper. The remainder will be the loss of weight 
by immersion. Divide the reserved product by the loss by 
immersion, and the quotient will be the specific gravity of the 
solid with regard to distilled water at tlie standard temperature 
and pressiire.’’ 

lo find the specific gravity of a fluid proceed thus : To the 
weight of the gravimeter add the weight required in the upper 
basin to sink it in the unknown fluid. Again, to the weight of 
the gravimeter add the weight required in the same manner to 
sink it in distilled water. Divide the first sum by the latter, 
and the quotient will be the specific gravity of the fluid in 
question.’’ 

For figures of the gravimeter, see Jnnahs de CMmle^ tome 
21, or IS icholson’s Journal, vol. I. 4to. 

GUDGEONS, in machinery, having all the weight on the 
shaft to support, ought to be made sufficiently strong for that 
purpose ; while, to avoid unnecessary friction, they should be 
made as small in diameter as possible, consistently vadi the 
requisite strength and durability. 

Wrought iron being stronger than cast iron in about the ratio 
of 7 to 5, will bear a greater weight; yet, cast iron being 
cheaper, and more easily shaped, is more frequently employed 
for gudgeons. 

Mr. Buchanan, who has paid considerable attention to this 
subject, gives these rules for the gudgeons of water-wheels. 

1. The cube-root of the weight of a water-wheel in hundred 
weights^ is nearly equal to the diameter in itiches^ of ^casUiron 
gudgeon sufficiently strong to support such wheel 

% For wooden water-wheels, multiply the diameter in feet 
by the width also m to which add the square of haf the 
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diayneter : the cube root of the sum will be nearly equal to the 
diameter of the gudgeon in inckes. 

These, of course, must be regarded as approximations. 

]\rr. Buchanan has inferred from several experiments, that 

gudgeons of the same size, of cast and of wrought iron, are 
capable, at a medium, of sustaining weights without flexure, 
in the proportion of 9 to 14.” 

Upon this principle Mr. B. computed the following table, 
to show the proportionate diameters of cast-iron and wrouglit" 
iron gudgeons. 

Explamtim the table of cmi-iron and ^vroiight-iron 
gudgeons. 

Column 1 and 2 are the same as those in the table of cast- 
iron gudgeons. 

Column 0 contains numbers in the proportion of Q to 1 4 less 
than those in column 2. 

Column 4 contains the cube root of column 0, or the dia- 
meters of wrought- iron gudgeons, having the same strength as 
those of cast-iron in column 1. 


USE OF THE TABLE. 

Example. 

To find the diameter of a wroiight-ii’on gudgeon of the same 
strength with one of cast-iron of 3 inches diameter. Look on 
the first column for 3, and on the same line on the 4th column 
will be found 2*571282, that is, a little more than 2|- inches, 
tlie diameter required of the wrought-iron gudgeon. 

The numbers in the Sd column, being the cube of those in 
the 4th, another use may be made of this part of the table. 
For, supposing the 4th colunin to represent cast iron gudgeons, 
the sd column will represent the hundred weights which cast«> 
iron gudgeons of those diameters should sustain. 
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Table. qf'Cust and WrmigM^rm Gut^eam. 

2 - 3 4 



/95B125 

r359BT5' 

. -400625 

r825 

>•796875 

.•328125 

f*875 

5-734375 

>*765625 

*125 

'•171875 

r 

.*763125 

»-109375 

I* ■ 

.'140625 
.*625 , 
'•546875. 
►* 

.•078125 

.'875 

>*484375 

5* 

^*515625 

.*125 

>*921875 

>• 

.*453125 
>•375' . 

vsmmo 

>• 

>•890625 

r*625 

^296875 


Cube of diameter of 
wTought-iron gudgeons. 

Diameter of 
wrought- iron 
gudgeons in 
inches and parts. 

•6428571 

'■-862054: 

1-2555803 

1-063340 

2-1696427 

1-259921 

3-4453125 

1-514825 

5*1428571 

1*709976 

7-3289732 

1-912933 

10-0446428 

2-154435 

13-3694 196 

2-351335 

17-3571428 

2-571282 

22-0670803 

2-802039 

27*5625 

3-018294 

33-9006696 

3-239612 

41-1428571 

3*448217 • „ 

49*3493303 

3*659306 

58-5803571 

3*881936 

68-896 

4*101566 

80*357 

4-308870 

93023 

4 •530655 

106-955 

4-747459 

122-213 

4*959675 

138-857 

5-180101 

156-948 

5-394690 

176-545 

5-609376 

197-709 

5*828476 

220-500 

6*041377 

244-979 

6-257324 

271-205 

6-471274 

299-240 

6-686882 

329-143 

6-H03436 

360-975 

7-120367 

394-795 

7*337234 

430-664 

7-553688 

468-643 

7*769462 

508-791 

, 7*984344 

562-741 

8-257263 

595-837 

8-415541 

642-857 

8-631103 

: 692-287 

8-845085 

i 744187. 

9-061309 

798-619 

9*279308 

1 855-643 

i 9-493599 j 
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HANDMILLS, are commonly used for some culinary pur- 
poses, as the grinding of coiFee, pepper, and the like. Some- 
times handmills of larger size are used to grind malt, wheat, 
&c. and in such eases the hand is generally applied to a winch 
handle. But in BQcl'Ier''s Tkeairim MacMnarimi a 

description of a mill, in which the effort of a man is applied to 
a lever moving to and fro horizontally, nearly as in the action 
of rowing: as this is a very advantageous method of applying 
human strength, the effort being greatly assisted by the heaviness 
of the man in leaning back, wx shall give a brief description of 
this kind of mill, wdiich is represented in fig. 4. pL XII. The 
vertical shaft eg carries a toothed wheel c, and a solid wheel f; 
the latter being intended to operate as a regulating fly. Upon 
the crank ab hangs one end of an iron bar r, the other end of 
which hangs upon the lever hk ; the motion being pretty free 
at both ends of this bar i. One end of the lever hk hangs 
upon the fixed hook k, about which as a centre of motion it 
turns. Then, while a man, by pulling at the lever hk, moves 
the extremity u from h to n, the bar i acting upon the crank 
AB gives to the wheels c and f half a rotation; and the mo- 
mentum they have acquired will carry them on, the man at the 
lever suffering it to turn back from n to h, while the other half 
of the rotation of the wheels is completed. In like manner 
another sufficient pull at the lever hk gives another rotation to 
the wheel c, and so on, at pleasure. The wheel c turns by its 
teeth the trundle i>, the spindle of which carries the upper 
mill-stone, just as the spindle d carries round the upper stone 
in fig. 1. pi. XV. 

In this mill the nearer the end of the bar i upon the lever 
HK is to the fixed hook k, the easier, cceterzs paribus^ will the 
man work the mill. If the number of teeth in the wheel c 
be 6 times the number of cogs in the trundle b, then the la- 
bourer by making .10 pulls at the lever ii in a minute will give 
60 revolutions to the upper miil-stone in the same space of 
time. 

llie Society of Arts have lately adjudged a silver medal to 
Mr, Garnet Teny, of City lioad, Einsbury-square, for his in- 
vention of a mill to grind hard substances, by means of a wheel 
turning upon a horizontal axis instead of a vertical one, as in the 
common coDstriiction. M r. Terry has constructed this mill on 
a jarge scale; there is also a model deposited in the collection 
of that society. 

Plate yili. fig, 4 A. The hopper or receptacle of the ar- 
ticles which are intended to be ground. 

B. A spiral wire, in the form of a revei*sed cone, to regulate 
the delivery of them. 


■I 

‘I 


HYBEAHLIC .ENGINES. 


217 


c. An inclined iron plate, Imng upon a pin on its higher end ; 
the lower end rests on tlie grooved axis D,, nod agitates the 
W'li’e B. 

B. The grooved axis, or grinding cylinder, which acts 
against tiie channelied iron plate e. 

F. A screw on the side of the mill, by means of which the 
iron plate e is brought nearer to or removed further from the 
axis 1 ), according as the article is wanted finer or coarser. 

G. The haiidle by which motion is given to the axis, 

II. The tube from whence the articles, when ground, are 
received. ^ 

Tile front of the mill is taken olF, in order to show its 
interior construction, 

HEART- WHEEL is the name given in England to a well ' 
known method of converting a circuitous motion into an alter- 
nating rectilinear one, which is common in cotton-mills. It is 
an ellipse turned either on an axle, or by means of a winch and 
handle on one of its foci, or its centre, on whose edge a move- 
able point or circle presses ; the latter receives an alternating 
motion from the circumference of the ellipse, and presses it in 
its revolution to difierent distances from the centre of motion. 
This method was contrived, we believe, by Sir Samuel Morland, 
about the year 1685. The practical disadvantages of this con- 
trivance are the inequality of pressure and of moving force which 
will be required at different parts of the rotation of the ellipse, 
and the consequent w^earihg of some parts of it much faster than 
others, which will render it frequently necessary to have new 
elliptical wheels. A late application of the heart-wheel has 
been already mentioned, under the word Coining. 

HOOKE’S Joints, or, as they are often called, universal 
joints, iiavebeen described in the introductory part of this vo- 
lume. 

HYDRAULIC machines, are structures contrived for the 
purpose cither cf conveying water from one situation to an- 
other, particularly from a lower to a higher ; or, by means of 
the force or pressure of water, to perform some mechanical 
operation, as grinding, boring, sawing. The former kind of 
hydranlic engines will principally be spoken of here; the latter 
being described under the various heads Flour- mill. Flax- 
mill,' Saw-mill, &c. ■ , : 

1 . Of all the machines the ancients invented to raise water, 
it appears that though Archimedes’s screw (see Af'chimedes^s 
SCREW ill this volu mt) was the most curious, the tympanum^ 
mentioned by Yitruvius, elevated the greatest quantity at once; 
a brief description of this may suffice, as preparatory to the ac- 
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count of a machine made in imitation of it, butmore ingenious 
and more perfect. 

The tympanum is a great hollow wheel, forming a kind of 
barrel or drum (as its name imports), composed of several planks 
joined together, well calked and pitched, and having a horizon- 
tal axle on which it turns: the interior of this drum is divided 
into 8 equal spaces by as many partitions placed in the direc- 
tions of the radii ; each space or cell has an orifice of about half 
a foot in the rim of the drum or wheel, so shaped as to fiicilitate 
the admission of the water: moreover, there are 8 hollow chan- 
nels running contiguous to each other and parallel to the axle of 
the wheel, each corresponding to one of the 8 large cells; into 
these channels the water passes out of the cells just mentioned, 
and, after running along the channels to a convenient distance, 
it escapes through orifices into a reservoir placed just under the 
axle. Thus the water is elevated through a vertical space equal 
to the radius of the hollow wheel. When the tympanum is 
used to raise water from a running stream, it is moved by means 
of float boards which are impelled by the stream : but when it 
is employed to raise stagnant water, there is commonly a smaller 
wheel on the same shaft, w’hich is turned by men walking in it, 
as in the old walking crane. The chief defect of this machine is 
that it raises the water in the most disadvanbigeous situation 
possible: for the load being found always toward the extremity 
of a radius of the wheel, the arm of the effective lever which 
answers to it, increases through the whole quadrant the water 
describes in passing from the bottom of the wheel to the alti- 
tude of its centre ; so that the power must act in like manner 
as if it were applied at a winch handle, and cannot, therefore, 
act uniformly. 

2. To remedy this defect M. delaFaye a machine 

which may here be described, together with the process of 
reasoning that led to it. 

When we develope the circumference of a circle, a curve is 
described (i. e. the mvolute) of which all the radii are so many 
tangents to the circle, and are likewise all respectively perpen- 
dicular to the several points of the curve described, which has 
for its greatest radius a line equal to the periphery of the circle 
evolved. The truth of which is shown % geometricians when 
treating of the genesis of evolnte and involute curves. 

Hence, having an axle whose circumference a little exceeds 
the height which the water is proposed to be elevated, let the 
circumference of the axle be evolved, and make a curved canal 
whose curvature shall coincide throughout exactly with that of 
the involute just formed ; if the further extremity of this canal 
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be made to enter the water that is to be elevated, and the otlier 
extremity abut upon the shaft which is turned; then in the 
course of the rotation the winter will rise in a vertical direction, 
tangential to the shaft, and perpendicular to the canal in 
whatever position it may Be. Thus the action of the weight 
answering always to the extremity of a horizontal radius will be 
as though it acted upon the invariable arm of a lever, and the 
powder which raises the w^eight will be always the same: and if 
the radius of the wdieel, of which this hollow canal serves as a 
bent spoke, is equal to the height that the water is to be raised, 
and consequently equal to the circumference of the axle or 
shaft, the po wer will be to the load of w^ater reciprocally as the 
radius of a circle to its circumference, or directly as 1 to 6 
nearly. 

In M. de la Faye's opinion, the machine ought to be com- 
posed of four of these canals : l3ut it has often been constructed 
with 8, as represented in fig. 1. pi. XIX. The wheel being 
turned by the impulsion of th.e stream upon the float-boards, the 
oriHces f, e, d, c, &c. of the cuiwilinear canals, dip one after 
another into the water which runs into them : and as the wheel 
revolves the fluid rises in the canals^/^* c, d, c, &c. and runs out 
in a stream r from the holes at o ; it is received into the trough 
Q, and conveyed from thence by pipes. 

By this construction the weight to be raised offers always the 
same resistance, and that the least possible, while the pow’er is 
applied in the most advantageous manner the circumstances will 
f admit of: these conditions both fulfilled at the same time fur- 

nish the most desirable perfection in a machine. Further, this 
machine raises the water by the shortest way, namely the per- 
pendicular, or vertical; in this respect being preferable to 
Archimedes s screw, where the water is carried up an inclined 
path; and besides this, each curved channel in this wdieel 
I empties all the water it receives in every revolution, while the 

screw of Archimedes delivers only a small portion of the fluid 
it is charged with, being often loaded with fO times as much 
water as is discharged in one rotation ; and thus requiring an 
enormous increase of labour when a large quantity is intended 
to be raised by it 

The nature and advantages of this wheel evince veiy forcibl}^ 
how far the speculations of geometers are from being so un- 
fruitful in useful applications, as is often insinuated by practical 
men.' " 

S. The wheel just described would we think be the most per- 
fect of any that could be employed for raising water, had it not 
the disadvantage attending the tympanum, which is, that it can 
only raise w ater to the height of its semidiameter. As in man}- 
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cases water is to be raised higher than the niciiiis of any wheef 
can weii be made for practice, we shall next describe a machine 
called the Xoria^ common in Spain, which raises water nearly 
through a diameter. This Noria consists of a vertical wlieel of 
£0 feet diameter, on the circumference of wdiich are fixed a 
number of little boxes or square buckets, for the purpose of 
raising the water out of the w^ell, communicating witli tfie canal 
below, and to empty it in a reservoir above, placed by the side 
of the wheel. The buckets have a lateral orifice, to receive and 
to discharge the water. The axis of this wheel is embraced by 
four small beams, crossing each other at right angles, tapering 
at the extremities, and forming eight little arras. This wheel is 
near the centre of the horse-walk contiguous to the vertical axis, 
into the top of which the horse-beam is fixed; but near the 
bottom it is embraced by four little beams, forming eight arms, 
similar to those above described, on the axis of the water-wheel. 
As the mule which they use goes round, these horizontal arms, 
supplying the place of cogs, take hold each in succession, of 
those arms which are fixed on the axis of the water-wheel, and 
keep it in rotation. 

This machine, than which nothing can be cheaper, throws up 
a great quantity of water ; yet undoubtedly it has two defects ; 
the first is, that part of the water runs out of the backets and 
falls back into the well after it has been raised nearly to the 
level of the reservoir: the second is, that a conskleiable pro- 
portion of the water to be discharged is raised higher than 
the reservoir, and falls into it only at the moment when the 
bucket is at the highest point of the circle, and ready to 
descend. These inconveniences are both remedied by the con- 
trivance mentioned in the next paragraph. 

4?. The Persian wheel h sL name given to a machine for rais- 
ing water, which may be turned by means of a stream ab acting 
upon the wheel cnE aceording to the order of the letters : (fig. 
1. pi. XIX.) The buckets a, &c. instead of being 

firmly fastened, are hung upon the wheels by strong pins, 5, 5, 

5, &c. fixed in the side of the rim ; which must be made as 
high as the water is intended to be raised above the level of that 
part of the stream in which the wheel is placed. As the wheel 
turns, the buckets on the right hand go down into the wafor, 
where they are filled, and return up full on the left hand, till 
they come to the top at k; where they strike against the end n 
of the fixed trough m, by which they are overset, and so empty 
the water into the trough; from whence it is to be conveyed in 
pipes to any place it is intended for ; and as each bucket gets 
over the trough, it falls into a perpendicular position again, and 
so goes clown empty till it comes to the water at a, where it is 
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filled as before. On each bucket is a spring which going 
over the top or crown of the bar m (fixed to the trough m) raises 
the bottom of the bucket above the level of its mouth, and so 
causes it to empty all its water into the trough. 

To determine the due relation of the power and the weight so 
that this wheel may be capable of producing the greatest effect, 
the following may be taken as a good approximation. After 
having fixed the diameter of the wheel, which must be some- 
thing greater than the altitude to which the water is to be 
raised; fix also upon an even number of buckets to be hung at 
equal distances round the periphery of the wheel, and mark the 
position of their centres of motion in such a manner that they 
will stand in corresponding positions in every quarter of the 
circle : conceive vertical lines drawn through the centre of 
motion of each bucket in the rising part of the wheel; they 
will intersect the horizontal diameter of the wheel in points at 
which if the buckets were hung they would furnish the same 
resistance to the moving force as they do when hanging at their 
respective places on the rim of the wheel. Thus, supposing 
there were 1 8 equidistant buckets; then while 8 hung on each 
side a vertical diameter of the wheel there would be 8 on the 
other side, and £ would coincide with that diameter ; in this 
case the resistance arising from all the full buckets would be the 
same as if one bucket hung on the proloogatioo of the horizon- 
tal diameter at the distaoce of £ sin £0® + £ sin 40® + 2 sin 60® 
+ £ sin SO®, these being the sines to the common ladius of the 
wheel. 

To know the quantity of water that each bucket should con- 
tain, take^ ofthe absolute force of the stream, that is, of the 
weight of the prism of water whose base is the surface of one of 
the float-boards, and whose height is that through which water 
must fall to acquire the velocity of the stream : so have we the 
power that should be in equiiibrio with the weight of water in 
the buckets of the rising semicircle. Then say, as the sum of 
the sines mentioned above is to radius, so is the power just 
found to a fourth terni, the half of which w'ill be the weight of 
water that ought to be contained in one bucket. Lastly, as the 
velocity of the wheel will be to that of the stream nearly as 1 to 
£|, the quantity of revolutions it makes in any determinate time 
becomes known, and of consequence, the quantity of water the 
w^heel will raise in the same time ; since we know the capacity 
of each bucket, and the number of them emptied in every 
revolution of the wheel. 

5. Another mechanical contrivance for the purpose of raising 
water is a chm7i^p‘ump. This is now generally made from 1 2 to 
24 feet in length ; consists of two eollatex’al square barrels, and 
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an endless chain of pistons of the same form fixed at proper 
distances* The chain is moved round a coarse kind of wheel- 
work, fixed sometimes at one end, but often at both ends of the 
machine. The teeth of the wheel-work are so contrived as to 
receive one half of the flat pistons and let them fold in ; and 
they take hold of the links as they rise. A whole row of the 
pistons (which go free of the sides of the barrel by about a 
quarter of an inch) are always lifting when the pump is at 
work; and, as this machine is generally worked briskly, the 
pistons or pallets bring up a full bore of water in the pump. 
Chain-pumps are wrought sometimes by men turning winches, 
sometimes by horses, and sometimes by the impulse of a stream 
of water : they are likewise so contrived that by the continual 
folding in of the pistons, stones, dirt, or whatever comes in the 
way, may be cleared off : they are therefore often used to drain 
ponds, sewers, and remove foul water, wdien no other pump 
could be employed. 

Chain pumps are not merely fixed in a vertical position, but 
are often inciined ; and in the latter case they are in a state of 
the greatest perfection, or raise the most water, when the breadth 
of the pallets is equal to their distance from each other, and the 
plane is inclined under an angle of £ 4 ^^ 

It is not unusual for chain-pumps to be erected w ithout a 
barrel to receive the pistons, after the manner represented in 
fig. 3. pi. XIX. The pallets are converted into square boxes 
&c. which are raised by means of hexagonal axles, each 
side of the hexagon being equal to the distance from box to box ; 
the boxes descend with their mouths downwards, and so enter 
the water. 

Another contrivance for raising water similar to the chain- 
pump is an endless rope with stuffed cushions hung upon it, 
which, by means of two w’heels or drums, are caused to rise 
in succession in the same barrel, and to carry water with them. 
From the resemblance of this apparatus to a string of beads, it 
is usually called paternoster-^worh. But in this, as well as the 
chaiii-pimip, the magnitude of the friction is a formidable prac- 
tical objection. 

^ 6. Jets and fountains are not now^ considered as conducive to 
picturesque beauty ; nor can they be reckoned of much utility, 
except perhaps in hot climates; we have not therefore described 
any in tins work. But in the fountain of Hero of SyraGUse a 
principle is introduced which has been found of great utility in 
larger works; for the head of water is actually lower than the 
orifice, but the pressure is communicated by the intervention of 
a column of air: the construction of this fountain is as follows. 
It consists of two vessels k:i.mn (fig. 5. pL XIX.) and oraK. 
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which are dose on all sides. A tube ab^ haYiog a funnel at 
the top 5 passes through the uppermost vessel without commu- 
nicating with it, being soldered into its top and bottom. It also 
passes through the top of the under vessel, where it is likewise 
soldered, and readies almost to its bottom; This tube is open 
at both ends. There is another open tube st, w^hich is soldered 
into the top of the under vessel, and the bottom of the upper 
vessel, and readies almost to its top. These two tubes serve also 
to support the upper vessel A third tube gf is soldered into 
the top of the upper vessel, and reaches almost to its bottom. 
^Fiiis tube is open at both ends, but the orifice a is very small. 
Now suppose the uppermost vessel filled with water to the 
height EN, EC being its surface a little belmv T. Stop the orifice 
G with the finger, and pour in water at a. This will descend 
through AB, and compress the air in oaiiF into less room. Sup- 
pose the water in the under vessel to have acquired the surface 
er, the air which formerly occupied the whole of the spaces 
OPC2R and iclce will now be contained in the spaces opcc and 
KLCE ; and its elasticity will be in equiiibrio with the weight of 
the column of water whose base is the surface Ee, and whose 
height is ac. As this pressure is exerted in every part of the 
air, it will be exerted on the surface Ee of the'w’ater of the 
upper vessel ; and if the pipe eg were continued upwards, the 
water would be supported in it to a height en above equal 
to A(\ Therefore, if the finger be now' taken from off the orifice 
G, the fluid will spout up through it to the siune height as if 
it had fallen through a tube whose altitude is ct. So long as 
there is any water in the vessel klnm there will be a discharge 
through the orifice : therefore the play of the fountain will con- 
tinue whilst the water contained in the upper vessel, having 
spouted out, falls down through the pipe ab : the height of the 
water measured from the basin vAwtothe surface of the ivater 
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ill the lower vessel opg ills always equal to the height nieasured 
from the top of the jet to the surface of the water in the vessel 
i-zLMX. Now, since the surface is always falling, and the 
water in the lower vessel always rising, the height of the jet 
must continually decrease, till it is shorter by the depth of 
LKN5!, which is empty, added to the depth of which is 

alw'ajs filling; and when the jet is fallen so low it immediately 
ceasesAO play. " 

7 , A machine designed to raise water to a great heigh t for the 
irrigation of land, in such situations as have the advantage of 
a small fall, is described in Dr. DarwiiFs PJnjtologui: as it 
depends on the principle of Hero’s fountain, it may properly 
be inserted here. 


Fig. 4 pi XIX. a, is the stream of water. 
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€y Cj represents the water-fall, sopposed to be 10 feet, 
d, are two leaden or iron vessels, containing a certain 
quantity of water, which may be eomputed to be about 4 gal- ! 

Ions each. 

: i, A*, Z, are leaden vessels, each holding about two | 

quarts. ■ ■ ■ , , i 

o, |?, two cocks, each of which passes through two pipes, 
opening the one and closing the other, 

r, is a water^halmme^ that moves on its centre s ; and by ; 

which the two cocks a and p are alternately turned. i 

t, Uy and are two air pipes of lead, both internally one 
inch and a quarter in diameter, 

p, z ; yy z / j/, z ; are water-pipes, each being one inch in 

' diameter. 

I The pipe c, is always fall from the stream ; the small 

cisterns gy % I, and the large one d, are supposed to have been 
previously filled with water. The fluid may then be admitted 
by turning the cock o, through the pipe c, into the large cis- 
I tern This water will press the air confined in the cistern c, 

I up the air-pipe Wy Xy and wi 11 force the fluid out of the cisterns 

gy iy ly into those marked A, A', and c. At the same time, by 
opening B, the water and condensed air, which previously ex- 
isted in the large cistern d, and in the smaller ones inarkedyi A, 

A, will be discharged at b. After a short time, the water- 
balance, q, Ty Sy will turn the cocks, and exclude the water, 
while it opens the opposite ones: the cisterns J* h, A, are 
emptied in their turns by the condensed air from the cistern d, 
as the water progressively enters the latter from the pipe by c, } 

8. A very ingenious application of the same principle has 
been made in the celebrated Hungarian machine, at Chemnitz. 

The best account we have been able to obtain of this is the 
following. 

In fig. 3. pi. XVIIL A represents the source of water ele- I 

vated 136 feet above the mouth of the pit. From this there - | 

runs down a pipe d of four inches diameter, w hich enters the 
top of a copper cylinder b, 8^ feet high, 5 feet diameter, and g 
inches thick, and reaches to within 4 inches of the bottom: it 
has a cock at i.'^ 

This cylinder has a cock at a, and a very large one at n. 5 

From its top proceeds a pipe vec two inches in diameter, which 
goes 96 feet down the pit, and is inserted into the top of another i 

brass cylinder c/ which is 6^ feet high, 4 feet diameter, and ] 

^ In the figure these syreip form of parallelopipeds, and there are some pipes 

and cocks which are not id' fn tliis description : but this happens, because one 

diagram is made to serve for both the origina! machine and Mi, Boswell’s improvements j 

mentioned directly after. , j 
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twcTinclies thick: the latter containing about iiJ cubic feet, 
which is nearly one half of the capacity of the former, viz. ! To 
cubic feet, I’herc is another pipe fo of 4 inches diameter, 
which rises from within 4 inches of the bottom of this lower cy- 
linder, is soldered into its top, and rises to the trough z which 
carries olF the water from the mouth of the pit. This lower 
cylinder communicates at the bottom with the water o, wliicU 
collects in the drains of the mines. A large cock f serves to 
exclude or admit this water : another cock m at the top of this 
cylinder communicates with the external air* 

Kw, suppose the cock i shut, and all the rest open : the 
tipper cylinder will contain air, and the lower cylinder will be 
filled with water, because it is sunk so deep that its top is below 
the usual surface of the mine-waters. Shut the cocks q, n, ivr, 
p, and open the cock i. The water of the source a must run 
in by^ the orifice j, and rise in the upper cylinder, compressing 
the air above it and along the pipe vec, and thus acting on the 
surface of the water in the lower cylinder. It will therefore 
cause it to rise gradually in the pipe of, where it will always be 
of such a height that its weight balances the elasticity oi' tlie 
compressed air. Suppose no issue given to the air from the 
upper cylinder, it would be compressed into one-fifth of its bulk 
by the column of 186 feet high ; for a column of 34 feet nearly 
balances the ordinary elasticity of the air. Therefore, when 
there is an issue given to it through the pipe vec, it will drive 
the compressed air along this pipe, and it will expel water from 
the lower cylinder. When the upper cylinder is full of water, 
there will be 34 cubic feet of water expelled from the lower cy- 
linder. I f the pipe op had been more than 136 feet long, the 
ivater would have risen 136 feet, being then in equilibrio with 
the water in the feeding pipe d by the intervention of the elastic 
air ; but no more water would have been expelled from the 
lower cylinder than what fills this pipe. But the pipe being 
only 96 feet high, the water will be thrown out at z with a con- 
siderable velocity. If it were not for the great obstructions 
wliich water and air must meet with in their passage along pipes, 
it would issue at z with a velocity of more than fifty feet per 
second. It issues however much more slowly, and at last the 
upper cylinder is full of water, and the water would enter the 
pipe vE and enter the low^er cylinder, and, without displacing 
the air in it, would rise through the discharging pipe of, and 
run off to waste. To prevent this tliere hangs in the pipe vr a 
cork ball or double cone, by a brass wire which is guided by 
holes in two cross pieces in that pipe. When the upper cylin- 
der is filled with water, this cork plugs up the orifice v, and no 
water is wasted ; the influx at j now stops. But the lower 
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cylinder contains compressed air, which would balance water in 
a discharging pipe 1 36 feet high, whereas o p is only 96. There- 
fore the water will continue to flow at z till the air has so far 
expanded as to balance only 96 feet of water, that is, till it oc- 
cupies one-half of its ordinary bulk, that is, one-fourth of the 
capacity of the upper cylinder, or 42| cubic feet. Therefore 
424 . cubic feet will be expelled, and the efflux at z will cease ; 
and the lower cylinder is about one-hulf full of water. When 
the attending workman observes this, he shuts the cock i. He 
might have done this before, had he known when the orifice v 
was stopped ; but no loss ensues from the delay. At the same 
time the attendant opens the cock n , the water issues with great 
violence, being pressed by the condensed air from the lower cy- 
linder. 1 1 therefore issues with the sum of its own weight and 
of this compression. These gradually decrease together, by the 
efflux of the water and the expansion of the air ; but this efflux 
stops before all the w^ater has flowed out ; for there are 42 ~ feet 
of the lower cylinder occupied by air. This quantity of water 
remains, therefore, in the u}>per cylinder nearly : the workman 
knows this, because the discharged water is received first of all 
into a vessel containing three* fourths of the capacity of the 
upper cylinder. Whenever this is filleiV the attendant opens 
the cock pbya long rod wliich goes down the shaft; this allows 
the water of the mine to fill the lower cylinder, and the air to 
get into the upper cylinder, which permits the remaining water 
to run out of it. Thus every thing is brought into its first con- 
dition ; and when the attendant sees no more water come out 
at N, he shuts the cocks n and M,and opens the cock i, and the 
operation is repeated. 

There is a very surprising appearance in the working of this 
engine. When the efflux at z has stopped, if the cock g be 
opened, the water and air rush out together with prodigious 
violence, and the drops of water are changed into hail or lumps 
of ice. It is a sight usually shown to strangers, who are desired 
to hold their hats to receive the blasts of air : the ice comes out 
with such violence as frequently to pierce the hat like a pistol 
bullet. This rapid congelation is a remarkable instance of the 
general fact, that air by suddenly expanding generates cold, 
its capacity for heat being increased. 

The above account of the procedure in working this engine 
shows that the efflux both at z and n becomes very slow near 
tiic end. It is found convenient therefore not to wait for the 
complete discharges, but to turn the cocks when about 30 cubic 
feet of water have been discharged at z : more work is done in 
this way. A gentleman of great accuracy and knowledge of 
these subjects took the trouble of noticing particularly the per- 
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formance of the machine* He observed that each stroke, as it 
may be called, took up about three roioutes and one-eighth ; and 
that 32 cubic feet of water were discharged at 2:, and 66 w*ere 
expended at n. The expense therefore is 66 feet of water 
falling 136 feet, and the performance is 3£ raised 96, and they 
are in the proportion of 66 x 136 to 32 X 96, or of 1 to 0*8422, 
or nearly as 3 to 1. This is superior to the performance of 
the most perfect undershot mill, even when all friction and 
irregular obstructions are neglected ; and is not much inferior 
to any overshot pump-mill that has3^et been erected. When 
we reflect on the great obstructions which winter meets with in 
its passage through long pipes, we may be assured tliat, by 
doubling the size of the feeder and discharger, the performance 
of the machine will be greatly improved ; we do not hesitate 
to say, that it would be increased one-third : it is true that it 
will expend more water; but this will not be nearly in the 
same proportion, for most of the deficiency of the machine 
arises from the needless velocity of the first efflux at z. The 
discharging pipe ought to be 1 10 feet high, and not give sensi- 
bly less water. Then it must be considered how inferior in 
original expense tliis simple machine must be to a mill of any 
kind which would raise lO cubic feet 96 feet high in a minute, 
and how small the repairs on it need be, when compared with 
a milk And, lastly, let it be noticed that such a machine can 
be used where no mill whatever can be put in motion. A 
small stream of water, which would not move any kind of wheel, 
will here raise one-third of its own quantity to the same heiglit ; 
working as fast as it is supplied. 

For these reasons, we think that the Hungarian machine 
eminently deserves the attention of mathematicians and en- 
gineers, to bring it to its utmost perfection, and into general use. 
There are situations where this kind of machine may be very 
useful. Thus, where the tide rises 17 feet, it may be used for 
compressing air to seven-eighths of its bulk ; anda pipe leading 
from a very large vessel inverted in it may be used for raising 
the water from a vessel of one-eighth of its capacity i 7 feet high ; 
or if this vessel has only one-tenth of the capacity of the large 
one set in the tide-way, two pipes may be led from it ; one into 
the small vessel, and the other into an equal vessel 16 feet higher, 
which receives the water from the first. Thus one-sixteenth 
of the water may be raised 84 feet, and a smaller quantity to a 
still greater height ; and this with a kind of power that can 
hardly be applied any other w’-ay. Machines of this kind are 
described by Schottus, Sturmius, Leopold, and other old 
writers; and they should not be forgotten, because opportu- 
nities may offer of making them highly beneficial. 
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9. Mr. John Whitley Boswell has devised an apparatus 
which when attached to such a machine as that at Chemnitas 
will enable it to work itself without attendance. The descrip- 
tion of this will be presented to the reader in Mr. BoswelFs 
own words. 

Fig. Ji. pi. X VIII, A is the reservoir, or upper level of water. 

B, a chamber made of suiBcient strength to bear the internal 
pressure of a column of water the height of a above it, multi- 
plied by its own base. 

c, a chamber of the same strength as b, but of a smaller size ; 
it is placed at the bottom of the pit from which the water is to 
be raised, and under the level of the water. 

These chambers would be stronger with the same materials, 
if of a globular or cylindrical form ; but the square shape is 
used in the drawing merely for the facility of representing the 
position of the parts. 

D, a pipe from the reservoir a which passes through the top 
of B, and ends near its bottom, to convey water from a to b. 

E, a pipe from the top of b to the top of c, to convey air 
from B to c. 

F, a pipe from the bottom of c to the level of the ground at 
the top of the pit, to carry oil* the water from the pit. 

G, a pipe from the bottom of B to carry off‘ the water from 
it.::'"';'' ^ 

H, a vessel to contain the water used in working the cocks ; 
it is only placed on the top of n to save the construction of a 
stand on purpose for it. 

I, a cock, or moveable valve (worked by the lever there re- 
presented), in the large pipe i>. 

K, a stop-cock in tlie small pipe which conveys water from 
T) to H. its Uvsc is to make the engine work faster or slower, 
by letting water more or less quick into h ; or to stop it alto- 
gether from working when required. 

L, n moveable valve or cock in tlie small pipe lk. The lever 
which works it is t onnected by a strong wire with the lever 
which w^orks i, and is balanced by a weight at its opposite 
extremity, sufficient to open both these cocks and shut N, when 
not prevented by a counter weight 

N, a cock in the pipe g to open and shut it as w^anted. 

o, a self-moving valve in the pipe f, which permits the water 
to pass upwards, but prevents its return. 

p, a self-moying valve at the bottom of c, which permits the 
water to pass into c, but prevents any from passing out of it ; 
it is furnished with a grating, to prevent dirt getting in. 

B, a vessel suspended from the levers of i and l, capable of 
containing a weight of water sufficient to shut them. 
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s, a vessel suspended from the lever of n : it must contain 
water enough by its weight to open N: it is connected by a 
chain to r, to keep it down as long as n is open, 

Tj a syphon passing from the bottom of h, near its upper 
edge, and down again to the mouth of a, 

V, a self-moving valve of a sufficient levity to rise, when the 
water in b comes up to it, and close the pipe e ; into which no 
water would else pass from b. A ball-cock, such as used in 
common water cisterns, would do here. 

X, a syphon from the bottom of r rising within an inch of 
its top, and passing down again to the mouth of s. 

y, a small pipe at the bottom of s: this may have a stop- 
cock, to regulate it, w'-hich, when stopped, will also stop the 
engine. ■ 

The mode of this engine’s working is as follows : suppose 
the vessels v, h, r, and s empty of water, and the cocks k and 
Y open, and the vessel c full of water. The w^eight on the lever 
of L will then open the cocks Band i, on wdiich the water from 
A win flow into B and h. As the water rises in b, it will 
force the air through e into c, which, strongly pressing on the 
water in c, will force it up through the pipe f, till the water in 
B rises to the lever of v and closes it, at which time h will be 
full of water (the quantity flowing in being so regulated by the 
cock k), and the water will flow from it through the syphon t 
into the vessel r, which as it fills shuts the cocks i and l, and 
prevents any more water coming into B and h. When r is 
full, the water flows through its syphon x, which fills s, and by 
it opens n, which empties b of wvater, and keeps n open as 
long as there is any water in h. 

When H is empty, b will be so too (being so regulated by the 
cock k), on which, in a moment or two, ii and s will also be 
empty ; which will cause the cocks i and l to open, and all 
things will be again in the state first supposed, for a repetition 
of the operations described. 

To stop the engine, the cocks at ic and y should be shut, 
while s is full of water. To set it working, they should be 
open ; and this is all the attendance it will require. As no 
one but an engineer should attempt to construct such an engine 
as this, it was useless to represent the manner of connecting the 
pipes by flanches or otherwise ; or the proper methods of fasten- 
ing and closing the parts, which are all well known to such 
as have made this art their study. (Nickokon^s Journal^ 4to. 
vol. L) 

In No. 5. of the New Series of Nicholson’s Journal, Mr. 
Boswell has made some further improvenients in the application 
of the Hungarian machine. 
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10. I he Spiral 2 >ump isavery corioosliyclraiilic engine, which 
operates onnearly the same principle as the Hungarian machine. 
The first engine of this kind, of which we have seen any account, 
was invented and erected by H. Andreas Wirtz, a tinplate- 
'worker of Zurich, at a dye-house in Limmat, in the vicinity of 
thatcity. It consists of a hollow cylinder, like a very large 
grindstone, turning on a horizontal axis, and partly plunged in 
a cistern of water. The axis is hollow at one end, and com- 
municates with a vertical pipe* This cylinder or drum is formed 
into a spiral canal, by a plate coiled up within it like the main 
spring of a watch in its box ; only the spires are at a distance 
from each other, so as to form a conduitfor the water of uniform 
width. This spiral partition is well joined to the two ends of 
the cylinder, and no water escapes between them. The outer- 
most turn of the spiral begins to widen about of a circumfei- 
ence from the end, and this gradual enlargement continues 
nearly a semicircle, this part being called the horn : it then 
widens suddenly, forming a scoop or shovel. The cylinder is 
so supported that this shovel may, in the course of a rotation, 
dip several inches into the water. As the cylinder turns upon 
its axis, the scoop dips and takes up a certain quantity of water 
before it emerges again. This quantity is sufficient to fill the 
horn ; and this again is nearly equal in capacity to the outer- 
most uniform spiml round. 

After the scoop is emerged, the w^ater passes along the spiral 
by the motion of it round the axis, and drives the air before it 
into the rising pipe, where it escapes. In the mean time, air 
comes into the mouth of the scoop ; and when the scoop ^ain 
dips into the water, it again takes in some of that fluid. Thus 
there becomes a part filled with water, and a part filled with 
air. Continuing this motion, a second round of water will be 
received, and another of air. The water in any turn of the 
spiral will have its two ends on a level ; and the air between the 
successive columns of water will be in its natural state ; for since 
the passage into the rising pipe or main is open, there is nothing 
to force the water and air into any other position. But since 
the spires gradually diminish in their length, it is plain that 
the column of water will gradually occupy more and more of 
the circumference of each. At last it will occupy a complete 
turn of some spire that is near the centre ; and when sent further 
in by the continuance of the motion, some of it will rim back 
over the top of the succeeding spire. Thus it will run over 
into the right-hand side of the third spire ; and consequently 
will push the ,water of this spire backwards, and raise its other 
end, so that 2 ^ will likewise run over backwards b^bre the next 
rotation be completed. At length this change of disposition 
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will reach the outermost spire, and some water will run over 
into the horn and scoop, and finally into the cistern. 

But as soon as water gets into the rising pipe, and rises a 
little into it, it stops the escape of the air when the next scoop 
of water is taken in. Hence there are then tw'o columns of 
water acting against each other by hydrostatic pressure, and the 
intervening column of air: they must compress the air between 
them, and the water and air columns will now be unequal; 
this will have a general tendency to keep the whole water back, 
and cause it to be higher on the left or rising side of each spire 
than on the right or descending side : the excess of height being 
just such as produces the compression of the air between that 
and the preceding column of water. This will go on increasing 
as the water mounts in the rising pipe ; for the air next to the 
rising pipe is compressed at its inner end with a weight of the 
whole column in the main : and it must be as much compressed 
at its outer end, which must be done by the water column with- 
out it ; and this column exerts this pressure partly by reason 
that its outer end is higher than its inner end, and partly by 
the transmission of the pressure on its outer end by air, wdiicli 
is similarly compressed from without. Thus it will happen 
that each column of water being higher at its outer than at its 
inner end, compresses the air on the water column beyond or 
within it, which transmits this pressure to the air beyond ity 
adding to it the pressure arising from its own want of level at 
the ends. Consequently, tlie greatest compression, viz. that 
of the air next the main, is produced by the sum of all the trans- 
mitted pressures ; and these are thersum of all the differences 
between the elevations of the inner ends of the water columns 
above their outer ends : and the height to which the water will 
rise in the main will be just equal to this sum. 

Suppose the left-hand spaces of each spire to be filled with 
water, and the right-hand spaces filled with air, as is shown, in 
regard toone spire,ia fig.3.pl.XVII. There is a certain grada- 
tion of compression which will keep things in this position ; for 
the spaces manifestly decrease in arithmetical progression ; and 
so do the hydrostatic heights and pressures : if, therefore, the 
air be dense in the same progression all will be in hydrostatical 
equilibrium. Now this may obviously be produced by the mere 
motion of the machine ; for since the density and compression 
in each air column is supposed inversely as the magnitude of 
the column, the quantity of air is the same in all ; therefore the 
column first taken in will pass gradually inw’-ards, and the in- 
creasing compression will cause it to occupy precisely the whole 
right-hand of every spire. The gradual diminution of the water 
columns wall be produced^ during the molion, by the water 
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running over backwards at the top from spire to spire^ and ulti- 
mately coming out by the scoop. Since the hydrostatic height 
of each winter column is now the greatest possible, viz. the 
diameter of the spire, it is evident that this disposition of the 
air and water will raise the w^ater to the greatest height This 
disposition may be obtained tlms : let cb be a vertical radius of 
the wheel, c being the centre, and b the highest point [the 
figure may easily be drawn] ; upon cb, take cl to cb, as the den- 
sity of theexternalair toits density in the last column next the 
rising pipe or main; that is, make cl to ( b as 34 feet (the height 
of the column of water which balances the pressure of the at- 
mosphere), to the sum of S4 feet, and the height of the rising 
pipe : then divide bl into such a number of turns that the sum 
of their equal diameters shall be equal to the height of the main ; 
lastly, bring a pipe straight from l to the centre c. Such is 
’ the construction of the spiral pump, as originally invented 
by Wirtz : it certainly indicates very considerable mechanical 
knowledge and sagacity. 

But, W’hen the main is very high, this construction will re- 
quire either an enormous diameter of the drum, or many turns 
of a very narrow pipe. In such cases it will be much better 
to make the spiral in the form of a corkscrew, than of this flat 
form like a watcli-spring. The pipe which forms the spiral may 
be wrapped round the frustum of a cone, whose greatest dia- 
meter is to the least (which is next to the rising pipe) in the 
proportion just assigned to cb and cl. By this construction the 
water will so stand in every round as to have its upper and 
lower surfiices tangents to the top and bottom of the spiral, and 
the water columns wall occupy the whole ascending side of the 
machine, while the air occupies the descending side. This form 
is far preferable to the flat form: it will allow us to employ many 
turns of a large pipe, and therefore produce a great elevation 
of a large quantity of water. 

The same thing will be still better accomplished by wrapping 
the pipe on a cylinder, and making it gradually tapering to the 
end, in such a manner that the contents of each spire may be 
the same as when it is wrapped round the cone. It will raise 
the water to a greater height (though certainly with an increase 
of the impelling power), the same number of spires, because 
the vertical or pressing height of each column is greater. 

In the preceding description of this machine, that construc- 
tion has been chosen which made its principle and manner of 
working most evident, namely, that which contained the same 
material quantity of air in each turn of the spiral, more and more 
compressed as it approaches to the rising pipe. But this is 
not the best construction : for we see that in order to raise 
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water to the height of the column of S4 feet, the air in the last 
spire is compressed into half its space; and the quantity of 
water delivered into the main at each turn is but half what 
was received into the first spire, the rest flowing back from 
spire to spire, and being discharged at the spout. 

; But the construction may be such that the quantity of water 

; in each spire may be the same that was received into the first; 

by which means a greater quantity (double in the instance now 

I given) will be delivered into the main, and raised to the same 

altitude by very nearly the same force. This may be done by 
another proportion of the capacity of the spires; either by a 
change of their caliber, or of the diameters or the solid on which 
I they are folded. Suppose the bore to be uniform throughout, 

the diameters must so vary that the constant column of water 
and the column of air, compressed to the proper degree, may 
occupy the whole circumference. Let a be the column of 
water which balances the pressure, and H the height to which 
the water is to be raised. Let a be to a + h as 1 to m. Then 
it is plain that m will represent the density of the air in the last 
spire, if its natural density be I, because it is pressed by the 
column a - f H while the common air is, pressed by a. Let 1 
represent the constant winter column, and consequently it will 
be nearly equal to the air column in the first spire: then the 

I whole circumference of the last spire must be 1 + in order 

; to hold the water 1, and to compress the air into the space 

The circimiference of the first spire is 1 4-1 or 2: 

A + H 

? and if d and d be the diameters of the first and last spires we 

^ have 2: 1 4* — : ; d : d, or 2 m m + 1 : : d : d. If, therefore, 

i 

* a pipe of uniform bore be wrapped round a conic frustum, of 

which D and d are the end diameters, the spirals will be very 
nearly such as will answer the purpose. It will not be quite 
exact, for the intermediate spirals will be rather too large: the 
conoidal frustum should in strictness be formed by the revo- 
lution of a logarithmic curve. With such a spiral the full 
quantity of water which was confined in the first spire will 
soon find room in the last, and will be sent into the main at 
every rotation. This is a very great advantage, especially when 
the water is to be much raised. The saving of power by this 
’ change of construction is always proportional to the greatest 

compression of the air. 

The chief difficulty in any of these forms is in determining 
the form and position of the horn and the scoop ; yet on this 
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the performance of the machine greatly depends. The following 
instructions will render this tolerably easy. Let abed (fig. S. 
pL XVIL) represent the first or outermost spire, of which the 
axis is c. Suppose the machine immei’ged op to the axis in 
the water whose surface is vv* : it has been seen that it is most 
effective when the surfaces kb and orh of the water columns are 
distant from each other the whole diameter bo of the spire. 
Let therefore the pipe be first conceived of equal caliber to 
the very mouth Ee, which we suppose to be just about to dip 
into the water : the surface on is kept there in opposition to 
the pressure of the water column bao by the compressed air 
contained in the quadrant oe, and in the quadrant which lies 
behind eb: and this compression is supported by the columns 
behind, between this spire and the rising pipe. But the air in 
the outermost quadrant eb is in its natural state, because it as 
yet communicates with the external air. When, however, the 
mouth has come round to a, it will not have the water 
standing in it in the same manner, leaving the half space bed 
filled with compressed air; for it took in and confined only 
what filled the quadrant be. It is obvious, therefore, that the 
quadrant be must be so shaped as to take in and confine a 
much greater quantity of air ; so that when it has come to a, 
the space BEO may contain air sufficiently dens^to support the 
column AO. But this is not enough : for when the wide mouth 
now at Aa' rises up to the top, the surface of the water in 
it rises also, because the part Aoea' is more capacious than 
the part of uniform bore oeco that succeeds it, and that cannot 
contain all the w^ater which it previously held. Since then the 
water in the spire rises above a, it will press the water back 
from on to some other position wW, and the pressing height of 
the water column will be diminishecl by this rising on the other 
side of o. Hence it will appear that the horn must begin to 
widen, not from b, but from a, and must occupy the whole 
semicircle ABE ; while its capacity must be to the capacity of 
the opposite side of uniform bore as the sum of bo and the 
height of a column of water which balances the atmosphere 
to the height of that column : for then the air which filled it 
when of the common density wall fill the uniform side beo, 
when compressed so as to balance the vertical column bo. 
But even this is not sufficient ; for it has not taken water enough . 
When it dipped into the cistern at e it carried air down with it, 
and the pressure of the water in the cistern caused that fluid to 
rise into it a little w»ay ; and some water must have come over 
at B from the other side, which was drawing narrower. When, 
therefore, the horn is in the position eoa it is not full of 
water : consequently, when it comes into the situation oab it 
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cannot be full, nor can it balance the air on the opposite side. 
Hence some will come out at o, and rise up through the water. 
The horn must therefore extend at least from o to B, or 
occupy half the circumference; and it must contain at least 
twice as much water as would fill the side beo. Nay, if it 
be much larger, there may be no disadvantage; because the 
surplus of air which it takes in at E will be discharged as the 
end Ee of the horn rises from o to b, and it will leave the 
precise quantity that is wanted. The overplus water will be dis- 
charged as the horn comes round to dip again into the cistern. 

We must also secure the proper quantity of water. When 
the machine is so much immersed as to be up to its axis in 
water, the capacity which thus secures the proper quantity of 
air will also take in the proper quantity of water. But it may 
be erected so as that the spirals shall not even reach the water : 
and in this case it will answer the purpose if a scoop or shovel 
be joined to the horn, and so formed as to take in at least as 
much water as will fll the horn. This is all that is wanted in 
the beginning of the motion along the spiral, and more than is 
necessar}^ when the water has advanced to the succeeding spire: 
but the overplus is discharged in the w^ay just mentioned The 
scoop, it should be observed, must be very open on the side next 
the axis, that it may not confine the air as it enters the water ; 
for this would hinder it from receiving enough of that fluid. 

As an example we shall give the dimensions of a machine 
I erected at Florence, whose performance corresponded extremely 

well with the theory. The spiral is formed on a cylinder of iO 
feet diameter, and the diameter of the pipe is 6 inches. The 
: smaller end of the horn is of the same diameter; it occupies of 

the circumference, and is 7*8 inches wide at the outer end : here 
it joins the scoop, which lifts as much water as fills the horn, 
which contains 4340 Swedish cubic inches, each =1*577 
English. The machine makes 6 revolutions in a minute, and 
raises 1354 pounds of water, or 22 cubic feet, 10 feet high in 
a minute. Thus it raises more than 4Yths of what the theory 
would lead us to expect, and yet it is not perfect; for thespirai 
is thr*oughout of equal caliber, and is formed on a cylinder in- 
stead of a conoid. 

in this machine the friction is so inconsiderable that it need 
not be mentioned : but the great excellency is, that whatever 
imperfections there may be in the arrangement of the air and 
water columns, it only aflfects the elegance of" the execution, 
causing the water to make a few more turns in the spiral before 
it can mount to the required height; but it w’'astes no power, 
because the power employed is always in proportion to the sum 
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of the vertical columns of water in the rising side of the machine, 
and the altitude to which the water is raised by it is in the very 
same proportion. The machine should be made to move very 
slow '5 that the water be not always dragged up by the pipes, 
which would cause more to run over from each column, and 
diminish the pressure of the remainder, if the rising pipe be 
made wide, and thus room be made for the air to escape freely 
upwards through the water, it will rise to the height assigned; 
but if the pipe be narrow, so that the air cannot rise freei}-, it 
rises almost as slowly as the water ; and by this circumstance 
the water mixed with the air is raised to a much greater height, 
and this with hardly any augmentation of the powder. Thus it 
is that the great performance of the Florentine machine (which 
is almost triple what a man can do w ith the best constructed 
pump) is accounted for. Lastly, w^e may observe that the en- 
trance into the rising pipe should be no wider than the last part 
of the spiral; and it would be advisable to divide it into four 
channels by a thin partition, and then to make the rising pipe 
very wide, and to put into it a number of slender rods, which 
would divide it into several slender channels that would serve 
completely to entangle the air among the water ; this procedure 
will greatly increase the heights to which the heterogeneous 
column may be carried. 

We earnestly recommend the application and improvement 
of this machine to practical engineers: the principles on which 
its theory depends are confessedly intricate; but when j udiciously 
constructed it is very powerful and effective in its operations : 
on which accounts we are sorry that hitherto it has not, as far 
as we recollect, been described in more than two British works, 
the Transaciions of the Society of ArtSyfor and the 

cj^clqpcvdta Britannica. 

11 . Desaguliers describes, in the second volume of his Expe- 
rimental Philosophy, a very simple contrivance to raise water, 
which is this: to one end of a rope is fixed a large bucket, 
having a valve at its bottom, opening upwards: to the other 
end is fastened a square frame, and the cord is made to pass 
over two pulleys, each of about 1 5 inches diameter (and fixed 
in a horizontal plane), in such manner that as the bucket 
descends the frame ascends with equal velocity, and vice versa. 
The frame is made to run freely upon four vertical iron guide- 
rods passing through holes at its four corners ; and when the 
bucket is filled with water at the well, the frame stands at the 
horizontal plane to which the water is to be raised : when the 
bucket is full, a man steps upon the frame (his weight, together 
with that of the frame, exceeding the weight of the vessel arid 
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its contained water) : this gives an ascending motion to the 
bucket, and causes the valve in its bottom to close. When the 
bucket is raised to the proper height a hook fixed there catches 
into a hasp at the side of the bucket, turns it over, and causes it 
to empty its water into a trough which conveys it where it is 
required: at this time the man and the descending frame have 
arrived at a platform which prevents their further descent, 
where the man remains till he finds the bucket above is empty; 
when he steps from the frame, and runs up a flight of stairs to 
the place from which he descended : the bucket in the mean 
while, being somewhat heavier than the frame, descends to the 
water, and raises the frame to its original position* Thus the 
work is continued, the man being at rest during his descent, 
and labouring in the ascent. 

Desaguiiers employed in this kind of work a icmeiii 
drawej' j'' viho weighed ifiOlbs. whom he desired to go up and 
down 40 steps of 6^ inches each (in all about 22 feet) at the 
same rate he would go up and down all day. He went up and 
down twice in a minute: so that allowing the bucket with a 
quarter of a hogshead in it to weigh 140lbs, he is able to raise 
it up through 22 feet twice in a minute: this Desaguiiers esri- 
inates as equivalent to a whole hogshead raised ii feet in a 
minute; and rather exceeds what he has assigned as a maximum 
of human exertion. 

This machine is in many cases not only the most simple, but 
the best that can be devised; yet it is one that without due 
precautions is likely to be a very bad one. The frame on 
which the man steps iiiust be brought up to its place again by 
preponderancy in the machine when unloaded ; it should arrive 
precisely at the same time with the man; but it may arrive 
sooner or later. If sooner, it is of no use, and wastes power in 
raising a counterpoise wdiich is needlessly heavy, or in fact less 
water is elevated than the man is able to elevate; if later, there 
is a loss of time. Hence the perfection of this truly simple 
machine requires the judicious combination of two maximiims, 
each of which varies in a ratio compounded of two other ratios. 
It will not be difficult, however, to adjust the proportions of the 
weight of the bucket and that of the frame: for if b denote the 
w^eight of the bucket, f that of the frame, and f the force 
necessary to overcome the friction and the inertia of the pulleys, 
g denoting 32|, feet, i the time occupied in w'alking up the 
steps, and s the space ascended or descended, then must b and 
F be so adjusted as to satisfy the following equation, viz. s n 


B-f F-f 0 
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12* If there be a spring affording but a small quantity of 
water, or having but a small fall, it is possible by the loss of 
some of the water to raise the rest to supply a gentleman^s 
seat, or any place where it is wanted ; but in a less quantity 
than what runs waste, if the place to which the water is to be 
raised is higher than the spring or reservoir from which the 
water falls. Schottus long ago contrived an engine for this 
purpose; but the first who put such a thing in execution 
was Gb'onimo Fmugio^ at Borne, in 1616; and the first in 
this country was George Gerve$^ a carpenter, who, in the 
year 1725, erected an engine called the Multiplying- wheel 
Bucket-engine, at the seatof Sir John Chester, at Chichley, in 
Buckinghamshire. This engine was much approved by Sir 
Isaac Newton, Dr. Desaguliers, and Mr. Beighton, and was 
certainly very ingenious. The water from a spring descended 
in a large bucket hanging by a cord from an axle, while a 
smaller quantity was raised from the same place by a cord 
hanging from a wheel on the same axle: a fly and other regu- 
lating apparatus were added, to make the engine work itself^ 
which it did for many years without being out of order. As 
a m^hole, however, the contrivance is complex ; and we are not 
aware that any other engines of the same kind have been 
erected. A description, with a plate, may be seen in Desagu- 
liers’s second volume. 

Mr. if. Sarjeant^ of Whitehaven, contrived a very cheap 
engine for raising water*, for which the Society for the En- 
couragement of Arts awarded him a silver medal in the year 
1801. A sketch of this simple invention is given in fig- 2. 
pi. Nk-I-Nk. , ’’ 

This engine was erected at Irton-hall, which is situated on 
an ascent of 60 or 6 1 feet perpendicular height: at the foot of 
this elevation, about 140 yards distant from the offices, there 
runs a small stream of water ; and, in order to procure a con- 
stant supply of that necessary fluid, the object was to raise such 
stream to the house for culinary and domestic uses. With this 
view, a dam w'as formed at a short distance above the current, 
so as to cause a fall of about four feet: the water was then con- 
ducted through a wooden trough, into which a piece of leaden 
pipe, two inches in diameter, was inserted, and part of which is 
delineated at a. 

The stream of this pipe is directed in such a manner as to 
run into the bucket b, when the latter is elevated; but, as 
soon as it begins to descend, the stream passes over it, and AoWkS 
progressively to supply the wooden trough or well, at the foot 
of which stands the forcing-pump c, being three inches in 
diameter. 
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D is an iron cylinder attached to the pump-rod^ which passes 
through it: such cylinder is Blled with lead, and weighs about 
240lbs. This power works the pump, and forces the water 
to ascend to the house through a pipe one inch in diameter, 
and which is 420 feet in length. 

At E is fixed a cord, which, when the bucket approaches to 
within four or five inches of its lowest prdection, extends, and 
opens a valve in the bottom of the vessel through which the 
water is discharged. 

An engine in a great degree similar to this was erected some 
years ago by the late James Spedding, esq. for a lead mine near 
Keswick, with the addition of a smaller bucket which emptied 
itself into the larger near the beginning of its descent, without 
which addition it was found that the beam only acquired a 
libratory motion, without making a full and effective stroke. 

To answer this purpose in a more simple way, Mr. Sarjeaiit 
constructed the small engine in such manner as to finish its 
stroke (speaking of the bucket-end) when the beam comes into 
a horizontal position, or a little below it. By this means the 
lever is virtually lengthened in its descent in the proportion of 
the radius to the cosine, of about thirty degrees, or as seven to 
six nearly, and consequently its power is increased in an equal 
proportion. 

It is evident that the opening of the valve might have been 
effected, perhaps better, by a projecting pin at the bottom ; but 
Mr. S. chose to give an exact description of the engine as it 
stands. It has now been some years in use, and completely 
answers the purpose intended. 

The only artificers employed, except the plumber, were a 
country blacksmith and carpenter; and the whole cost, exclu- 
sive of the pump and pipes, did not amount to 5/. 

In a letter, dated Whitehaven, April, 28, 1 801, Mr. Sarjeant 
observes, that the pump requires about eighteen gallons of water 
in the bucket to raise the counter-weight, and make a fresh 
stroke in the pump ; but it makes three strokes in a minute, 
and gives about half a gallon into the cistern at each stroke. 
He adds, I speak of what it didin the driest part of last sum- 
mer; when it supplied a large family, together with work- 
people, &c. with water for all purposes, in a situation where 
none was to be had before, except some bad water from a com- 
mon pump which has been since removed. But the above 
supply being more than sufficient, the machine is occasionally 
stopped to prevent wearj which is done by mexoly casting off 
the string of the bucket valve.” 

Mr. Bmyamm whose simple fire-engine has 

already been mentioned, has contrived a hydraulic engine 
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which may be conveniently added to a common pump, and 
thereby renders it useful in further elevating water, and par- 
ticularly in extinguishing fires: the following description of 
his apparatus is extracted from the Memoirs ^ the American 
Academy. 

Plate XIX. fig. 7. a, b, c, d, represents a pomp, the form 
of which is similar to that of the pumps commonly employed 
on ship-board. 

E, the spout. 

F, a stopper. 

B, dy a plank-cap, that is fitted to the pomp, and provided 
with leather on its lower surface; being secured by the screws 
ay bi in the centre is a hole, through which the spear of the 
pump passes, and round which a leather collar is made, as re- 
presented at the letter c. 

gy a nut for the screw b. 

jy SL square piece of wood that is nailed across one end of tlie 
plank-cap, through both which the screw a is introduced ; a 
hole is made through such piece and the cap, that communicates 
with the bore of the pump. 

G, G, a wooden tube which may be of any requisite length, 
and consist of any number of joints : it is made square at the 
lower extremity, and perforated for the reception of the cock; 
the upper end being made with a nice shoulder. 

Cy a wooden cock that opens or shuts the communication be- 
tween the pump and the tube; being furnished on the opposite 
side with a handle and with a lock, in case it should be found 
necessary. 

hy hy are two ferules, the object of wliicli is to prevent the 
tube from splitting. 

H, H, braces, each of which ought to be crossed over another 
as nearly at right angles as possible. 

iiy are irons in form of a staple, which surround the tube, 
and pass through the braces ; their ends being perforated with 
holes for fore-locks. 

K, L, M, Ny is a head made of five pieces of wood ; /r, I, w, 
a square piece, in the lower part of which is a hole for the 
reception of the extremity of the tube, and which piece rests on 
the shoulder Oyj?; to the lower end of this head is nailed a piece 
of leather, with a hole in its centre, similar to that made in the 
wood. Another piece of leather of the same form is placed on 
the top of the tube, and between both is a circle of thin plate- 
brass; the two pieces of leather and the brass being pressed 
between the lower end of the head and the shoulder of the tube. 
Their edges are delineated at o, p. 

N, and L, are the edges of two pieces of plank, of a 


HYBEAULIC EAM. 


m. 


similar width with the head, to which they are closely nailed; 
each being provided with a tenon, that passes through a mor- 
tice in the end of the piece o, p : both tenons have holes for a 
forelock at q, 

0, p, a piece of plank of the same width as the sides; the 
centre of which is perforated, in order that the tube may pass 
through ; and in each end of which is a mortice for the recep- 
tion of the tenons. 

N, M, a cap. 

r, r, are two pieces nailed to the side of the tube ; the lower 
extremity of each is provided with a truck, with a view to lessen 
the friction of the head in its horizontal revolution. 

q^ represent fore-locks, the design of which is to fasten 
down the head, and prevent the water from escaping at tire 
joint 0 , p, 

E, is a wooden conductor ; the extremity marked with the 
letter a being solid, while the opposite end, e, is bored with a 
small auger. 

a bolt that passes through the conductor and head, and be- 
ing secured on the back with a fore-lock or nut : this bolt is 
rounded near the head, and square in the middle. 

ty Uy Wy cf, represents a piece of iron or brass, designed to pre- 
vent the head of the bolt from wearing into the wood. 

s, s, are ropes for the direction of the conductor. 

Fig. 8. 1'epresents the head without such conductor. 

Uy by €y (ly IB a tliick bruss platc, the centre of which is per- 
forated, so as to admit a passage to impurities, that might other- 
wise obstruct the conductor: for which purpose a piece of 
leather is nailed under it to the head. The square hole in the 
centre is adapted to the size of the bolt, which it prevents from 
turning. The conductor has a hollow cut round the bolt on 
the inside, of the same size as the circle of holes in the brass : 
round such cavity is nailed, on the face of the conductor, a piece 
of leather, that plays on the margin of the brass plate when the 
conductor is in motion. 

In the conclusion of his Memoir, Mr. Dearborn observes, 
that he has raised a tube of 30 feet on his pump ; and, though 
the severity of the season had prevented him from completing it, 
so that one person only could work at the brake, yet he is 
enabled to throw water on a contiguous building, the nearest 
part of which is 37 feet from the pump, and between 30 and 
40' feet in height. ■ 

14. The Hydraulic Manly invented by M. Joseph Montgol- 
fier, is a machine the construction of which is founded upon the 
acceleration of the velocity of a liqukl mass falling in a tube, 
and the communication of that motion to another liquid mass 
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moving with a less velocity than the former. We know that a 
heavy body falling in vacuo runs over 16-/^ in the first se- 
cond ; and a liquid column which falls in an unresisting vertical 
tube passes over the same space in the same time, with a motion 
uniformly accelerated ; supposing this tube kept constantly 
full, and considering the friction of the particles of the fluid 
against one another, and against the sides of the tube, the mo- 
tion is such, that, though it ceases to be uniformly accelerated, 
the velocity of the column, at first nothing, arrives by degrees 
at its maximum, in a longer or shorter tinae, depending on the 
dimensions and form of the tube ; the contain^ fluid having 
acquired a certain velocity, there results a certain quantity of 
motion; the object of the hydraulic ram is to communicate a 
part of this motion to the mass of water which is to be ele- 
vated. 

To understand the construction of this machine, suppose that 
an orifice is made through the pier or embankment of a reser- 
voir of either standing or running water, at the depth of 4 or 5 
feet below the surface of the fluid, such orifice receiving one end 
of a cylindrical tube about 20 or £4 feet long, the tube being 
formed of iron, copper, or other suitable materials, and placed 
horizontally, and firmly supported through its whole length by 
timber or by masonry. To the end of this tube farthest from 
the reservoir is adapted a piece of iron or of copper, called 
head of the ram ; it has two orifices, both of which open hori- 
zontally ; the sucker of one of these closes by ascending, that 
belonging to the other closes by descending : these valves are 
guided in their motions by rings which traverse the handles at- 
tached to their centres. The orifice which has the ascending 
valve, and which is in fact the remoter orifice, permits the water 
to escape freely: the other is covered by a kind of tower, 
which serves as an air-vessel, and is pierced on one side by a 
hole to which a tube is adapted that is elevated to the height 
to which it is proposed to raise the water. See also In, pL 
XXXVIII. V 

To understand the action of the machine, let it be considered 
that wben the remoter orifice is open, the water which runs 
along the horizontal tube will escape with a velocity which will 
continue to increase until the impression of the stream raises 
the valve and closes the orifice : hence the motion of all the 
water in the tube is suddenly stopped, and the vis viva acquired 
exerts itself on all parts of the tube, and consequently on the 
rising valve, which giving way permits the water to escape 
through it into the vessel above: the force existing in the cy- 
linder being thus employed, the pressure to which the valve 
yielded becomes annihilated, and the sucker redescends, closing 
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its orifice : the velocity of the water in the horizontal tube being 
thus destroyed^ the remoter orifice again permits the water to 
escape through it, and the same operations are repeated so long 
as there is a proper supply of water. Thus it will be seen that 
every time the valve closes the remoter orifice, a portion of the 
moving water passes into the air-vessel above the other valve ; 
there will soon be a sujfficient quantity to cover the inferior ex- 
tremity of the ascending tube, and men the air which is above 
the water in the air-vessel, having no communication with the 
atmosphere, will be compressed if the machine CGntinoa to act, 
and its expansive force increasing with the compression, will 
compel the water to move up the ascending pipe; though al- 
ways in a quantity inversely proportional to the altitude to which 
it is to be raised. 

Every time the remoter or discharging sucker shuts, a report 
is heard similar to that of the stroke of a hammer, and which 
furnishes a mean of knowing how often it is closed in a given 
time. 

We have only spoken of one kind of ram ; but the same prin- 
ciples are susceptible of a very extensive application : thus, it 
would be easy to raise other water besides that which runs through 
the ram ; as, for example, with a fall of water, we might by a 
slight modification of this machine raise water from the bottom 
of wells or of mines. 

To judge of the merit of a hydraulic machine we must con- 
sider its produce, the expense of its erection, and that of keeping 
it in repair. Now in every hydraulic machine the force ex- 
pended IS the product of the water which comes from its source 
multiplied by the height it falls through before it acts on the 
machine; the produce being the product of the quantity of 
water raised in the same time, multiplied by the height to which 
it is elevated. Now, in an experiment made upon the ram 
erected at the Poly technic School, it appeared that the expense 
was to the produce as 100 : 45. For, the height of the fall is 1 
metre 8£, that of the ascending pipe 11m. 66, the tube of the 
vertical or active column *054 m. in diameter, being fixed at the 
bottom of an oval-shaped vessel ; the horizontal or passive co- 
lumn, also *054 m. in diam. ; the aseending tube of tin *00£ m. 
interior diam. and 11 m. 66 elevation ; the total length m. 
66. The discharging valve closed from 40 to 43 times in a mi- 
nute. The water which fell in 10 minutes 
that which was raised up the ascending tube in the same time 
51*8 ; from which data flows the ratio just stated. 

In another hydraulic ram placed in M. Montgolfier’s garden 
(Rue des Juifs, No. 133), the fall which was procured Arti- 
ficially was feet ; the height to which the water was raised, 

R 3 


244 


machines. 


50 feet; the diameter of the tubes 2 inches ; the water ex- 

f >ended in 4 minutes was SIS litres, that elevated SO litres; 
lence the expense or force employed is x SIS = £S62; 
the useful force 50 x SO = 1500 ; and these are in the ratio of 
100:64 

In an experiment made upon a ram at Avilly, near Senlis, by 
M. Turquet, bleacher, the expense was found to be to the pro- 
duce as 100 : 62. In an experiment on a fourth machine, in 
which the passive column was 10 m. 4 in length, and the height 
of the ascending pipe nearly 7 times that of the head of water, 
the discharging valve closea 104 times in a minute, and the ex- 
pense was to the produce as 100 : 57. Taking the mean of 
these experiments, the excuse will be to the produce as 100: S7, 
so that a hydraulic ram placed not in unfavourable circum- 
stances, and executed with care, may be said to employ usefully 
at least half its force. 

One of our most simple engines for purposes similar to those 
in which the ram could be^applied is Sarjeant’s bucket engine 
(see No. 12 of the present article), in which the expense is to the 
produce nearly as 100 to 42, a ratio not much inferior to that 
of the ram at the Polytechnic School. But the machine most 
analogous to M. Montgolfieris in principle, next to that by Mr. 
Boulton, is the hydraulic engine at Chemnitz : in which tlie ex- 
pense is 66 feet of water falling 136 feet, in the same time that 
the produce or performance is 32 feet raised 96 ; they are there- 
fore in the proportion of 66 x 136 to 32 x 96, or nearly as 
100 : 34 Even this is superior to the performance of the most 
perfect undershot mill, and might certainly be considerably in- 
creased, by giving more favourable proportions to the feeding 
and discharging pipe than in the existing machine. And if, in 
addition to this, the ingeniousapparatus of Mr. Boswell, enabling 
the machine to work itself, be appropriated skilfully to such a 

f eneral contrivance, it will doubtless be as favourable as the 
ydraulic ram. M. Montgolfier suggests the utility of his in- 
vention in the draining of mines : and in that case, the hydrau- 
lic ram, and the Hungarian machine, would become nearly, if 
not altogether, identical as to the principle. 

15. ^\\e Danaide^ SLxiew hydraulic machine, invented by M. 
Mannoury Dectot, is thus described by MM. Perier, Prony, 
and Carnot, in their Report to the French Institute, 

The model by which this mechanist exhibited bis experiments 
consists principally of a trough, the bottom of which has a hole 
in its centre : it is cylindrical, nearly as high as it is broad, and 
made of tin-plate. It is fixed to a vertical axis of iron, which 
passes through the middle of the hole in the bottom, leaving a 
vacant space all round, through which water escapes as it flows 
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into the trough (from above) : this axis turns, with the trough^ 
upon a pivot, and is fixed above to a collar. 

The object of the inventor was that the water flowing into 
the trough from above, with a certain quantity of 7m vivw^ 
shmild communicate the whole of it to the solid parts of the 
machine, so as to be employed afterwards in protlucing some 
useful efect ; always excepting the small quantity of force ne- 
cessary to enable the water to escape by the orifice below. This 
object he thus obtains. 

VVithin the trough there is affixed to the axis a drum, like- 
wise of tin-plate, concentric with the trough, and close above and 
below. This drum, which turns round with the trough, occu- 
pies nearly the whole of its capacity; the space between the 
two not exceeding an inch and a half. A similar space exists 
also between the bottom of the trough and the drum ; it is how- 
ever less than the former, and is divided into several compart- 
ments by diaphragms proceeding from the circumference to the 
central hole in the bottom of the trough. These diaphragms 
do not exist between the sides of the drum and the trough, and 
the compartments at the bottom communicate with this annu- 
lar space. 

The water, which comes from a reservoir above by one or 
two pipes, makes its way into this annular space between the 
drum and the trough. The bottoms of these pipes correspond 
with the level of the water in the trough, and they are directed 
horizontally, as tangents to the mean circumference between 
that of the trough and of the drum. The force which the water 
has acquired ^ by its fall along the pipes causes the machine to 
move round its axis; and this motion gradually accelerates till 
tlie velocity of the water in the space between the trough and 
the drum equals that of the water from the reservoir : so that 
the shock of the water from above upon that of the machine 
becomes imperceptible. 

Now this circular motion communicates to the water between 
the trough and the drum a centrifugal force, in consequence of 
which it presses against the sides of the trough. The centri- 
fugal force acts equally upon the water contained in the com- 
partments at the bbttom of the trough, but obviously less and 
less as the water approaches the centre. The whole water, 
then, is actuated by two forces which oppose each other ; namely, 
gravity and the centrifugal force. The first tends to make the 
water run out at the orifice at the bottom of the trough ; the se- 
cond tends to drive the water from that hole. To these two 
forces are joined a third, nemelj^JHction^ which here acts an 
important and singular part, since it promotes the efficacy of 
the machine, while in other machines it always diminishes that 
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efficacy. Here, on the contrary, the effect would be nothing 
were it not for the friction, which acts in a tangent to the sides 
of the trough and drum. 

By the combination of these three forces there must result a 
more or less rapid flow from the orifice at the bottom of the 
trough ; and the less force the water has as it escapes, the more 
it will have employed in moving the machine, and consequently 
in producing the useful effect for which it is destined. 

The moving power is the weight of the water running in, 
multiplied by the height of the reservoir from which it flows 
above the bottom of me trough : and the useful effect is the 
same product diminished by half the force which the water re- 
tains when it issues from the orifice below. 

The Reporters endeavoured to ascertain by direct experiment 
the amount of this useful effect. They fixed a cord to the axis 
of the machine, which, by means of pulleys properly placed, 
raised a weight as the machine turned round. The result of 
repeated experiments was, that the effect produced amounted 
to ^ 3 - and sometimes to of the moving cause ; an effect 
which surpasses that of the best machines known. 

la HARRIOT’S ENGINE, for Raising and Lowering 
Weights, &c. by the Action of a Column of Water, 

A A, in fig. 1 and 2, pi. XLIII. is a cylinder with a moving 
piston therein, of wliich-n is the piston rod. 

B and c are water ways, through which the water is admitted 
to communicate with both sides of the piston. 

E F, a pipe in' fig. 1, through which water descends from a 
reservoir above, into a three-way cock m, and in fig. 2 is a 
pipe through which any stream or head of water runs to the 
three-way valve in the cistern m. 

c H is a pipe in both, communicating from the three-way 
cock, or valve, to the upper part of the cylinder. 

K B is a pipe communicating from the same cock, or valve, 
to the lower part of the cylinder. 

I I is a pipe, communicating between the two last mentioned 
pipes, consequently between the upper and lower spaces of the 
cylinder, which communication can be either cut off or opened 
to any requisite degree by the cock l. 

isi is a pipe in which a lower column of water is suspended by 
the reaction of the atmosphere, and consequently a power to 
the upper column or fall, in proportion to its length or depth, 
not exceeding the weight of the atmosphere. 

Remarks . — The nature and principle of the syphon engine 
consists in combining the power of the syphon with the direct 
pressure of a column or stream of water, so that they may act 
together. It works by means of the syphon constantly acting 
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ill coocert with the feeding stream of water, so that each alter- 
nately acts on the upper and lower part of a piston, within a 
cylinder as it were, reversing the syphon at each change; and 
the power is equal to a column of w^ater of the same diameter 
as that of the cylinder, and equal in length to the height of 
the head, above the tail water. For instance, if a column of 
water of any given diameter has afall of ^0 feet until it reaches 
an engine, its power is clearly ascertained. Now, whatever 
that power is, if a syphon pipe be added to this engine, so as to 
connect with the column, and the syphon pipe has also a fall of 
an equal length, namely, ^0 feet to the lower end, which is 
immersed in water, the engine, although placed in the midway, 
will then have a power equal to that^ of a descending column of 
40 feet ; and should the column or fall to the engine be but 2 
feet, and the lower syphon pipe 24 feet, the power would be 
equal to a fall of 26 feet ; and in this manner in various diver- 
sity between the falling column and the syphon pipe beneath, 
the latter will produce an equal power according to its propor- 
tionate length, or depth, to the surface of the tail w^ater, pro- 
vided it does not exceed above 30 feet, or the weight of the at- 
mosphere ; and where a stream of water is either level with, or 
even below, the place at which it is desirable to fix the engine, 
there will be no difficulty in placing it either below, or on the 
level, or above the stream itself, provided the height it is fixed 
above does not exceed 28 or 30 feet, and the place where the 
water flows off be still lower. The construction may evidently 
be varied according to the local situation and circumstances of 
applying it, and the use to which it may be adapted, in giving 
activity to different kinds of machinery. 

The drawing, fig. 1, exhibits the apparatus for raising or 
lowering weights of any kind, on wharfs or in warehouses. A 
man or boy can raise or lower goods of any weight, without other 
exertion than that of merely turning the three-way cock m to 
an index ; in either raising or lowering, the stop is instantaneous, 
by a small motion, or turning the cock to the stop mark in the 
index ; this most efiectual of stops, or gripe, operates so quietly 
and easily without any jerk or jarring, that it removes the usual 
risk attending common cranes or machinery, in which men are 
sometimes overpowered. It raises and lowers goods with thrice 
the velocity usually produced by manual labour ; yet an engine 
of dimensions sufficient to raise several tons may be so graduated 
by the person at the cock, as to bring it to the smoothest slowest 
motion possible. The saving of labour and time must therefore 
be considerable, the risk of plunder diminished, and delays in 
setting to work for want of help removed. 

The great obstacle to the use of the syphon engine, and this 
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was stated by its inventor, is the want of a head of water in 
most places %vhere the engine could be used to greatest advan- 
tage ; but so conscious was he of the advantages of his invention 
for raising goods to warehouses and granaries, that he proposed 
raising water by other means into a reservoir at the top of the 
warehouse, to be used afterwards in raising the goods. This 
obstacle appears hitherto to have prevented any attempt to put 
Mr. Hamot’s engine to any practical use ; but in Glasgow, 
where water is raised to the top of the very highest house in the 
city, wc think the syphon engine might be used for many useful 
purposes, and might save a great deal of human labour. It 
might be used very advantageously at the Broomielaw, for rais- 
ing and lowering goods from and to the vessels, when they arc 
loading and unloading. 

The drawing, fig. % shows how the syphon engine is to be 
applied to streams of water ; the advantages of which are, that 
the engine, as well as the mil! work, or manufacturing machinery 
it may drive, may be placed where most convenient, above or 
below the head or stream, to be w^orked by a fall of water from 
the least to the greatest height, or by any stream or river, the 
tail water below acting and having as much power as the head, 
answering to the height of either . — {Glasgow Mech, Mag.) 
HYDROMETERS. See vol. I. arts. 401, 409. 

HYGROMETER, or hygroscope, or xotiometer, an 
instrument contrived to measure the humidity of the air. 

The instruments hitherto invented for this purpose have not 
been attended with that accuracy which there %vas reason to ex- 
pect and to hope for. We have hygrometers, it is true, which 
indicate that the air has been more or less moist; but they have 
often this fault, that they indicate a greater degree of moisture 
than really exists in the atmosphere : besides, they are not com- 
parable ; that is to say, it is not possible by their means to com- 
pare the moisture of one day, or of one place, with that of an- 
other. It may not, however, be improper to describe a few of 
the contrivances of this kind, if it be only that their utility may 
l)e examined. 

1. As fir wood is very susceptible of participating in the dry- 
ness and moisture of the atmosphere, some have conceived the 
idea of applying this property to the construction of an hygro- 
meter. For this purpose, a small, very thin fir board, is placed 
across between two vertical immoveable pillars, so that the fibres 
stand in a horizontal direction ; for it is in the lateral direction, 
or that transversal tolls fibres, that fir and other kinds of wood 
are extended by moisture. The upper edge of the board ought 
to have a small rack, fitted into a pinion, connected with a 
wlmel, and the latter with another wheel, having on its axis an 
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inde^c. It may be easily perceived, that by these means the least 
motion communicated by the upper edge of the board to the 
rack, by its rising or falling, will be indicated in a very sensible 
manner by the index ; consequently, if the motion of the index 
be regulated in such a manner, that from extreme dryness to 
extreme moisture it may make a complete revolution, the divi- 
sions of this circle will indicate how much the present state of 
the atmosphere is distant from either of these extremes. 

This invention is ingenious, but it is not sufiScient. The 
wood retains its moisture a long time after the air has lost that 
with which it was charged ; besides, the board gradually be- 
comes less sensible to the Impressions of the air, and therefore 
produces little or no effect. 

% Suspend a small circular plate by a fine string, or piece of 
catgut, fastened to its centre of gravity, and let the other end of 
the string be attached to a hook. According as the air is more 
or less moist, you will see the small plate turn round in one di- 
rection or in another. 

The hygrometers commonly sold are constructed on this 
principle. They consist of a kind of box, the fore part of 
which represents a building with two doors. On one side of 
the metal plate which turns round, stands the figure of a man 
with an umbrella, to defend him from the rain, and on the 
other a woman with a fan. The appearance of the former of 
these figures indicates damp, and that of the other dry weather. 
This pretended hygrometer can serve for no other purpose than 
to amuse children ; for the philosopher must observe that, as the 
variations of humidity are transmitted to this instrument only by 
degrees, it will indicate moisture or drought when the state of 
the atmosphere is quite contrary. 

S. Some have tried to construct an hygrometer, by making 
fast a piece of catgut at one extremity, winding it backwards 
and forwards over different pulleys, and suspending from its 
other extremity small weight, behind which is placed a 
graduated scale. Others dispose the extremity of the cat- 
gut in such a manner, as to cause it to move an index round 
a graduated plate, the different degrees of which indicate the 
dryness or moisture of the atmosphere. This instrument, 
however, is subject to the same inconveniences as that before 
mentioned. 

4 Put into one scale of a balance any salt that attracts the 
moisture of the air, and into the other a weight, in exact equi- 
librium with it. The scale containing the salt will sink down 
during damp weather, and thereby indicate that such is the 
state of the atmosphere. An index, to determine the different 
degrees of drought or moisture, may be easily adapted to it. 


MACHINES. 


This instrument however is worse than any of the rest ; 
for a salt immersed in moist air becomes charged with a great 
deal of humidity, but loses it very slowly when the air becomes 
dry : fixed alkali of tartar even imbibes moisture till it falls 
in ddiqukm^ that is to say, till it is reduced to a liquid or fluid 
state. 

5. Music may be employed to indicate the dryness or moisture 
oftheair. The sound ofa flute is higher during dry than during 
moist weather, and the string of a violin exhibits the same phe- 
nomenon ; but neither of these can show the immediate state of 
the aif in regard to dryness or humidity. 

6. M. De Luc^s contrivance for an hygrometer is on this 
principle. Finding that even ivory swells with moisture, and 
contracts with dryness, he made a small and very thin hollow 
cylinder of ivory, open only at the upper end, into which is fitted 
the under or open end of a very fine long glass tube, like that of 
a thermometer. Into these is introduced some quxcksilveT, fill- 
ing the ivory cylinder, and a small part of the length up the 
glass tube. The consequence is this: when moisture swells the 
ivory cylinder, its bore or capacity grows larger, and conse- 
quently the mercury sinks in the fine glass tube ; and, vice 
versa^ when the air is drier, the ivory contracts, and forces the 
mercury higher up the tube of glass. It is evident that an in- 
strument thus constructed is in fact also a thermometer, and 
must necessarily be aflPected by the vicissitudes of heat and cold, 
as well as by those of dryness and moisture ; or that it must 
act as a thermometer as well as an hygrometer. The con- 
trivances in the structure and mounting of this instrument are 
described in the Philos. Trans. voL 63, art. 38 ; where it may 
be seen how the above imperfection is corrected by some sim- 
ple and ingenious expedients, employed in the original con- 
duction and subsequent use of the instrument ; in consequence 
of which, the variations in the temperature of the air, though 
they produce their full effects on the instrument as a thermo- 
meter, do not interfere with or embarrass its indications as an 
hygrometer. 

7. In the Philos. Trans, for 1791, M. De Luc has given a 
second paper on hygrometry. This has been chiefly occasioned 
% a Memoir of M. De Saussure on the same subject, entitled 
Essaissur FHygrometrie, in 4to, 1783, In this work M. De S. 
describes a new hygrometer of his construction, on the follow- 
ing prinriple; It is a known fact, that a hair will stretch when 
it IS moidned, and contract when dried : and M. De Saussure 
found, by repeated experiments, that the difference between 
the greatest extenrion and contraction, when the hair is pro- 
perly prepared, and has a weight of about 3 grains suspended 
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by itj is nearly one 4?Otli of its whole length, or one inch in 40. 
This circumstance suggested the idea of a new hygrometer. 
To render these small variations of the length of the hair per- 
ceptible, an apparatus was contrived, in which one of the ex- 
tremities of the hair is fixed, and the other, bearing the coun- 
terpoise above mentioned, surrounds the circumference of a cy- 
linder, which turns upon an axis to which a hand is adapted, 
marking upon a dial in large divisions the almost msensible mow 
tion of this axis. About inches high is recommended as the 
most convenient and useful : and to render them portable, a 
contrivance is added, by which the hand and the counterpoise 
can be occasionally fixed. 

But M. Be Luc, in his Idees sur la Meteorologie, voL i. 
anno 1786, shows that hairs, and all the other animal or vege- 
table hygroscopic substances, taken lengthwise, or in the direc- 
tion of their fibres, undergo contrary changes from dilferent va- 
riations of humidity ; that when immersed in water, they lengthen 
at first, and afterwards shorten ; that when they are near the great- 
est degree of humidity, if the moisture be increased, they shorten 
themselves; if it be diminished, they lengthen themselves first 
before they contract again. These irregularities, which render 
them incapable of being true measures of humidity, he shows 
to be the necessary consequence of their organic reticular struc- 
ture. Be Saussure takes his point of extreme moisture from 
the vapours of water under a glass hell, keeping the sides of 
the bell continually moistened; and affirms, that the humidity 
is there constantly the same in all temperatures ; the v^ours 
even of boiling water having no other effect than those of cold. 
De Luc, on the contrary, shows that the differences in humidity 
under the bell are very great, though De Saussure’s hygrometer 
was not capable of discovering them; and that the real unde- 
composed vapour of boiling water lias the directly opposite 
effect to that of cold, the effect of extreme dryness: and on this 
point he mentions an interesting fact, communicated to him by 
Mr. Watt^ that wood cannot be employed in the steam- 
engine for any of those parts where the vapour of the boiling 
water is confined, because it dries so as to crack as if exposed 
to the fire. 

To these charges of M. De Luc, a reply is made bj M. De 
Saussure, in his Defence of the Hair Hygrometer, in 1788; 
where be attributes the general disagreement between the two 
instruments to irregularities of M. De Luc^s ; and assigns some 
aberrations of his own hygrometer, which could not have pro- 
ceeded from the above cause, but to its having been out of 
order, 8cc. 

This has drawn from M. De Luc a second paper on hygro« 
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metxy^ published in the Philos. Trans, for 179lrP- I- awd 389. 
This author here resumes tlie four fundamental principles which 
he had sketched out in the former paper, viz. 1st, That fire is 
a sure, and the only sure, means of obtaining extreme dryness. 
2d, That water, in its liquid state, is a sure, and the only sure, 
means of determining the point of extreme moisture. 3d, There 
is no reason, d priori^ to expect from any hygroscopic sub- 
stance, that the measurable effects produced In it by moisture 
are proportional to the intensities of that cause. But 4th, per- 
haps the comparative changes of the dimensions of a substance, 
ana of the weight of the same or other substances, by the same 
variations of moisture, may lead to some discovery in that re- 
spect. On these heads M. De Lnc expatiates at large in this 
paper, showing the imperfections of M. De Saussure'^s principles 
of hygrometry,and particularly as to a hair, or any such substance 
when extended lengthwise, being properly used as an hygrome- 
ter, On the other f land, he shows that the expansion of sub- 
stances across the fibres, or grain, renders them, in that respect, 
by far the most proper for this purpose. He chooses such as 
can be made very thin, as ivory or deal shavings, but he prefers 
whalebone, as far the best. 

The preceding general description of the principal hygrome- 
ters will, we trust, be sufficient to show that great imperfection 
and uncertainty attends the use of any of them ; and, at the same 
time, to justify us in not entering more, into detail respecting 
the construction of these instruments. 

JACK, an instrument in common use for raising heavy tim- 
ber, or very great weights of any kind ; being a powerful com- 
bination of teeth and pinions, and the whole inclosed in a strong 
wooden stock or frame bc, and moved by a winch or handle hp ; 
the outside appearing as in fig. 5. pi. VlII. In fig, 6. the wheel 
or rack work is shown, being the view of the inside when the 
stock is removed. Though it is not drawn in the just propor- 
tions md dimensions, for the rack a b must be supposed at least 
four times as long in proportion to the wheel a as the figure 
represents it ; and the teeth, which will be then four times more 
in number, to have about 3 in the inch. Now if the handle hb 
be T indies long, the circumference of this radius will be 44 
inches, which is the distance or space the power moves through 
in one revolution of the handle : but as the pinion of the handle 
h^ but four leaves, and the wheel o. suppose 20 teeth, or 5 times 
the number, therefore to make one revolution of the wheel a, 
it requires 5 turns of the handle, in which case it passes through 
5 times 44 or^220 inches ; but the wheel having a pinion e of 
3 leaves, these will raise the rack 3 teeth, or one inch, in the 
same space. Hence, then, the handle or power moving 220 
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times as fast as the weight, will raise or balance a weight of 220 
times its own energy. And if this be the hand of a man who 
can sustain 50 pounds weight, he will, by help of this jack, be 
able to raise, or sustain, a weight or force of 11,000 Ib, or about 
5 tons weight. 

This machine is sometimes open behind from the bottom 
almost up to the wheel q, to let the lower claw, which in that 
case is turned up as at b, draw up any weight, W hen the weight 
Is drawn or pushed sufficiently high, it is Kept from going back 
by hanging the end of the hook s, fixed to a staple, over the 
curved part of the handle at /i. 

The Society of Arts rewarded a Mr, Mocock, of Southwark, 
with a premium of 20 guineas, for his contrivance to prevent a 
jack from taking a retrograde course whenever the weight by 
any accidental circumstance overbalances the power. The im- 
proved jack only differs from those in common use in this re- 
spect, that it has a pall or clock, and ratchet, applied in such 
manner as to stop the motion of the machine as soon as it begins 
to run back again. As the difference in the mechanism is very 
trifling, the improvement may be easily applied to any common 
jacks already made. 

J Acic is also the name of a well-known engine in the kitchen, 
used for turning a spit. Here the weight is the power applied, 
acting by a set of pulleys ; the friction of the parts, and the 
weight with which the spit is charged, are the forces to be over- 
come ; and a steady uniform motion is maintained by means of 
a fly.,.,„, ; , ,',v ^ 

The common worm-jack is represented at fig. 2. pi. XII. 
ABC is the barrel round which the cord an is wound: kl 
the main wheel, commonly containing 60 teeth, iff the worm 
wheel of about 30 teeth, cut obliquely, lm the pinion, of 
about 15. o the worm or endless screw, consisting of two 
spiral threads, making an angle of 60 or 70 degrees with its 
axis. X the stud, and z the loop of the worm spindle, p a 
heavy wheel, or fly, connected with the spindle of the endless 
screw, to make the motion uniform, dg the struck wheel 
fixed to the axis FJ>. s, s, s, are holes in the frame, by which 
it may be nailed to a board, and thence to any wall, the end B 
being permitted to pass through it. hi the handle going upon 
the axis et, to wind up the weight when it has run down, r 
is a box of fixed pulleys, and v a corresponding one of moveable 
pulleys carrying the weight. The axis et is fixed in the barrel 
AC, which axis being hollow, both it and the barrel turn round 
upoo the axis fd, which is fixed to the wheel ice, when it turns 
in the order bt a ; but cannot turn the contrary way, by reason 
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of a catch nailed to the end ab, which lays hold of the cross- 
bars in the wheel lk* 

The weight, by means of the cord or, in consequence of its 
descent, carries about the barrel ab^ which by the action of 
the catch carries the wheel Kn, and this moves the pinion lm 
and wheel n, the latter moving the worm o and the fly p. 
Also the wheel lm carries the axis fd with the wheel dg, 
which carries the cord or chain that goes about the wheel or 
pulley at the head of the spit. But when the handle h gives 
motion to the axis in a contrary direction to that given by the 
weighl, the catch is depressed ; so that although the barrel bc 
moves and winds the cord upon it, the wheel no continues at 
rest. The time which the jack will continue in motion de- 
pends upon the number of pulleys at r and v ; and as these 
increase or decrease, so must the weight which communicates 
the motion, in order to perform the same work in the same 
time. 

Smoke-JACK is an engine used for the same purpose as 
the common jack ; and is so called from its being moved by 
means of the smoke, or rarefied air, ascending the chimney, and 
striking against the sails of the horizontal wheel ab (plate XII. 
fig. 1.), which being inclined to the horizon, is moved about the 
axis of the wheel, together with the pinion c, which carries the 
wheels n and e ; and E carries the chain f, which turns the spit. 
The wheel ab should be placed in the narrow part of the chim- 
ney, where the motion of the smoke is swiftest^ and where also 
the greatest part of it must strike upon the sails. — The force 
of this machinedepends upon the draught of the chimney, and 
the strength of the fire. 

Smoke-jacks are sometimes moved by means of spiral flyers 
coiling about a vertical axle 5 and at other times by a vertical 
wbedTwith sails like the float-boards of a mill: but the above is 
the more customary construction. 

JOINT, UNIVERSAL. See the introductory part of this vo- 
lume, 

KNEADING-MILL, is a contrivance by which large quan- 
tities of flour may be mixed and incorporated into dough. 

In many places bakers follow the disgusting practice of 
kneading the dough with their bare feet : and in others the 
business is effected by a wooden implement, being a lever; 
wMcb, fastened at one end by a moveable hinge, is worked up 
and down so as to press and knead the dough. But the ma- 
chine we are about to describe is far preferable, as it will knead 
the dough very completely, with a great saving of time and 
labour. It is used at the public baking-houses of Genoa, and 



; . . MS 

was first described m the deUa Sockia Patrmtka M Mi- 
lano, vol. II. 

A, in fig, 4. pi. XVIII. is a frame of wood which supports 
the axis of the machine : a wall 14 palms high from the ground 
maybe made use of instead of this frame, b, a wall three 
palms and a half thick, through which the aforesaid axis passes, 
c another wall similar to the former, and facing it, at the 
distarxe of 21 palms, d, the axis, thirty palms in length, and 
one palm and one-third in thickness, b, the great wheel, fixed 
to the said axis, between the frame and the wall ; its diameter 
is 2S palms; and its breadth, which is capable of holding two 
men occasionally, is five palms. F, are steps, by treading on 
which the men turn the wheel very smartly ; they are two 

E alms distant from each other, and one-third of a palm in 
eight. G, a small wheel with cogs, fixed almost at the further 
extremity of the axis : its diameter is palms. H, a beam 
of wood which extends from one wall to the others being 21 
palms in length, and one and a third in thickness. A similar 
beam, not seen in the figure, is on the opposite side of the axis. 

I, a transverse piece of wood, placed near the wall c : it is fixed 
into the two beams, and serves to support the further extremity 
of the axis: its length is 14 palms, and its thickness one and a 
third : there is likewise a transverse piece (which cannot be seen 
in the figure) 14 palms long, and hau a palm thick, placed close 
to the wall B. k is a strong curved piece of oak, fixed trans- 
versely in the sidebeams H, to receive the axis of the trundle : 
its length is 14 palms, and its thickness 1|. x is a trun- 
dle of 54 palms in diameter, and 1|. in height, which is moved 
by the cogged wheel g. m is an axis proceeding from the 
trundle, l, and continued through the cross N to the bottom of 
the tub p; its centre is made of iron, partly square and partly 
round, and it turns in a socket of brass. The first part of this 
axis between the trundle Land the cross n is of square iron, 
surrounded by two pieces of wood, held together by iron hoops, 
which may be removed at pleasure to examine the iron within ; 
its length is three palms, its diameter about 1 palm. The second | 

part of the axis which is within the tube is made like the first I 

part: its height is 1“* palm, its diameter 1|. The wooden | 

sheath of this part of the axis is fixed to the bottom of the tub, j 

by means of three screws with their nuts. This axis is distant f 

one-third of a palm from the nearest triangular heaUr of the | 

cross. N, the cross, formed of two bars of wood unequally di- 
vided, so that the four arms of the cross are of difierent lengths ; 
one of the two pieces of wood of which the cross is made is 6 
palms in length, the other 5 : their thickness is of a palm, 
and their breadth 1 palm, o, four pieces of wood, called I 
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becderSf of a triangular shape, fixed vertically into the extremi- 
ties of, and underneath, the arms of the fore-mentioned cross r 
they are If palms in length, and half a palm in thickness ; and 
beat or knead the dough in the tub at unequal distances from 
the centre. P is a stout wooden tub, about a quarter of a palm 
thick, well hooped with iron : its diameter is 6 palms, its height 
If in the clear. 

Fig. 5 . is a box or trough of wood, 4 palms long, and S wide, 
in which the leaven is formed (in about an hour) in a stove, and 
in which it is afterwards carri^ to the tub p. 

Fig. 6. exhibits a view of the trundle, cross, &c, with a section 
of the tub. 

Fig. 7. is a bird^s-eye view of the cross and tub, with the upper 
ends of the triangular beaters. 

This tub, p, v/iil contain IB rubbi (about 19 bushels) of flour, 
which is carri^ to it in barrels : the leaven is then carried to it 
in the box or trough, flg. 5. and when the whole is tempered 
with a proper quantity of warm water, the men work in the 
wheel till the dough is properly and completely kneaded. In 
general a quarter of an hour is sufficient to make very good 
dough ; but an experienced baker who superintends, determines 
that the operation shall be continued a few minutes, more or less, 
according to circumstances. 

The measures in the preceding description are given in 
Genoese palms, each of which is very nearly equal to 9*85 of 
our inches. The machinery may be varied in its construction 
according to circumstances, and the energy of the first 
mover much better applied than by men walking in a common 
wheel 

EATHE, a very useful engine for the turning of wood, ivory, 
metals, and other materials. The invention of the lathe is very 
ancient ; Diodorus Siculus says, the first who used it was a 
grandson erf Daedalus, named Talus. Pliny ascribes it to Theo- 
dore of Samos ; and mentioGS one Tliericles, who rendered him- 
self very famous by his dexterity in managing the lathe. With 
this instrument the ancients turned all kinds of vases, many 
whereof they enriched witli figures and ornaments in basso 
relievo. Thus Virgil : Lenta guibm form facili superaddita 
vitisT' 

The Greek and Latin authors make frequent mention of the 
lathe; and Cicero calls the workmen who used it msculariz. 
It was a proverb among the ancients, to say a thing was formed 
in the lathe, to express its delicacy and justness. 

The common lathe is composed of two wooden cheeks or sides, 
parallel to the horizon, having a groove or opening between : 
perpendicular to these are two other pieces called pppjwts^ 



made to slide between the cheeks, and to be fixed down at an j 
point at pleasure. These have two points, between wliich the 
piece to be turned is snstained: the piece is turned round 
backwards and forwards by means of a string put round it, and 
fastened above to the end of a pliable pole, and underneath to a 
tredle or board moved with the foot. There is also a rest which 
bears up the tool, and keeps it steady. But the most ingenious 
lathes now constructed are different from the above : we shall 
describe them under the article TURNING. 

LENS GiiiNDiNG MACHINES, have been invented of many 
different kinds ; but, since it has been admitted that, on the 
whole, spherical lenses are the most practically useful, the con- 
struction of lens-grinders has become comparatively simple. One 
of the best we have seen was invented by Mr. Smn. Jenhim^ 
and described in No, 459. voL xli. of the PMl. Tramcw, It 
contrived to turn a sphere at one and the same time on two axes, 
cutting each other at right angles, and will produce the segment 
of a true sphere merely by turning x*ound the wheels, without 
any cai'e or skill of the workmen, a (fig. 1 . pL XX.) is a globe 
covered with cement, in which are fixed the pieces of glass to 
be ground: this globe is fastened to the axis, and turns with 
the wheel b. c is the brass cup which polishes the glass : this is 
fastened to the axis, and turns with the wheel d. The motion 
of the cup c, therefore, is at right angles to the motion of the 
globe A ; whence it follows, demonstrably, that the pieces of 
glass ground by this double motion must be formed into the 
segments of spheres. 

The LEVER, treated as one of the mechanical powers, fell 
under our notice in book I. ch. iii. voh I. where the theory of 
the various kinds of levers, whether straight or bent, was laid 
down. Our present object is to describe a combination of the 
lever with the axis in peritrochio, by means of which the reci- 
procating motion of the lever is made useful in giving a con- 
tinued rectilinear motion to a heavy body, without changing 
the situation of the fulcrum of the lever. This contrivance is 
described by Belidor (Archit. Hydraul. tom. I.) under the name 
of le lemer de la Garousse^ and is generally called in England 
the U7iwersal lever, fgh (tig. 2. pi. XX.) is a straight lever, 
whose centre of motion is g: on its extremity e, hang two bars 
ED, EE, the former of which has a hook to catch into the teeth of 
the wheel Acn, and the latter has its end slightly bent, so as to 
slide over the outer parts of those teeth. The axle Alias a 
cord wound about it, to the lower end of which is attached 
the weight w. Now suppose the end h of the lever I'aised 
from H by i, while the other end descends from f to u; the 
bar FE will then push the point e of the wheel from e to c, 

VOL. H. s 
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wfaik the hook d slides over an equal space on the other side 
^ the wheel. After this, on the end h of the lever being 
brought down again by i to h, the end f ascends through bf, 
and the hook d raises up the left hand side of the wheel 
tlirough a space equal to ec. Thus the reciprocating motion 
of the lever is made to communicate a continued rotatory 
motion to the wheel, and consequently to raise the weight w 
suspended from its axle by the cord. Here the advantage 
gained, n^Iecting friction and the stiffness of the cord, will be 
in the ratb compounded of the ratio of hg to CF, and the ratio 
€i the radius of the wheel to that of the axle. Thus if ho 
were ten times of, and the radius of the wheel 10 times that of 
the axle, the power would then be to the weight raised nearly 
as 1 to 100. 

This machine has been advantageously applied in drawing 
heavy loads along a plane nearly horizontal : in that case, the 
cord has been carried from a in nearly a horizontal direction, 
passed round a pulley p, attached to the load or its carriage, 
and its end fixed to a post as at a, or perhaps to the frame of 
the wheel and axle. The pulley, it is obvious, almost doubles 
the advantage of the power; and since the force to be overcome 
when once the system is pul in motion is not equivalent to the 
whole load 01 ?, but merely to the friction, and the rigidity of the 
rope, a very great weight may be moved in this manner by a 
comparatively small power. If the lever have another arm to 
the left of G (as it appears in the figure) equal to gh, a man 
may then work at each end, either by pressing upon it or by 
pulling downwards with a cord ; and thus the labourers will 
alternately relieve each other. Sometimes a heart-wheel has 
been combined with this universal lever: but it is not, we think, 
a combination to be recommended in practice. 

I If the centre of motion o were vertically above the centre of 
the wheel, and if another bar and hook similar and equal in 
length to FD hung from the pointy^yo being equal to gf; these 
two hooks would then catch alternately into the teeth on the 
rising side of the wheel, and thus produce the continued rota- 
tory motion; but this construction has a practical disadvantage ; 
for when both bars work on the same side of the wheel, they 
will be in great danger of catching together and impeding each 
other’s motions. 

’ Universal levers have long been introduced into saw-mills, 
for the purpose of drawing along the logs to be sawn. See 
SAW-MILB, also PtPE-BOEEE. 

LIFT TENTEE. See Goveenok. 

LINT-MILL. See Flax-mill. 

LOxlDING AHB MvmAnma , machine, an invention of 
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Mr. G. Davis, of Windsor, for the purpose of removing pon- 
derous substances to or from wagons, Sic. %vitlii safety and con- 
, venience* This portable machine is represented in fig. 6. pi. 
XV. where a is the winch turning the bar on which are two 
endless screws, or worms ccj that work in the toothed wheels 
DD. These wheels are fixed to the barrels e e, round which the 
ropes FF coil, wind up, or let out the same occasionally : the 
ropes pass ot^er the pulleys go : are brought round ; and theii' 
ends, being furnished with hooks for that purpose, are hitched 
into staples fixed to the front of the cart, or other carriage. 
Within these ropes, the load h is placed on a common step- 
ladder I, that forms an inclined plane, up which, by turning 
the winch, the ropes are wound upon the barrels; and thus 
the load is raised into the carriage. 

KK, the frame, intended to show the part of the cart, or 
other carriage, on which the machine is to be occasionally 
placed 


The whole of the barrels and cogged wdieels are contained in 


an iron box l; the sides of which are represented in the plate, 
as taken off, in order that the arrangement of the different parts 
may be better conceived. 

The pulleys on the stage (gg) may, in most cases, be affixed 
to the machine itself ; which is adapted to every direction, and 
will suit carriages of every construction. 

The model corresponding to the present engraving is made 
on the scale of about four inches to a foot ; and the inventor 
states, that it will raise upwards of five cwt. — He is therefore 
confident, that his machine, when constructed of its intended 
size, will be capable of loading a ton weight hy one man 07il^ ^ 
and that, even upon this enlarged plan, it does not exceed 
ll^lb. in weight. 

The Society of Arts in 1*797 awarded 40 guineas to Mr. 
Davis, for this useful invention. 

LOCK, a well-known instrument used for fastening doors, 

, chests, &c. generally opened by a key. The lock is reckoned 
the masterpiece in smithery ; a great deal of art and delicacy 
being required in contriving and varying the wards, springs, 
bolts, &c. and adjusting them to the places where they are to be 
used, and to the several occasions of using them. From the 
various structure of locks, accommodated to their different in- 
tentions, they acquire various names. Those placed on outer 
doors are called stock4ocks ; those on chamber-doors, spring-^ 
locks ; doom on tmihksj trunk-locks^ padlocks^ &c.— Of these the 
spring-lock is the most considerable, both for its frequency and 
the curiosity of its structure. Its principal parts are, the main- 
plate, the cover-plate, and the pin-hole : to the main-plate belong 
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the key-hole, top-hook, ci'oss-wards, bolt-toe or bolt-knab, 
draw-back-spring tumbler, pin of the tumbler, and the staples; 
to the cover-plate belong the pin, main-ward, cross-ward, step- 
ward, or dap-ward; to the pin-hole beloDg the hook-ward, 
main cross-ward, shank, the pot or bread bow-ward, and bit. 

The principle on which ail locks depend is the application of 
a lever to an interior bolt, by means of a communication from 
without; so that, by means of the latter, the lever acts upon 
the bolt, and moves it in such a manner as to secure the lid or 
door from being opened by any pull or push from without. The 
security of locks in general therefore^ depends on the number of 
impediments we can interpose betwixt the lever (the key) and 
the bolt which secures the door; and these impediments are well 
known by the name of wards^ the number and intricacy of 
which alone are supposed to distinguish a good lock from a bad 
one. If these wards, however, do not in an effectual manner 

E reclude tlie access all other instruments besides the proper 

ey, it is stillpossible for a mechanic of equal skill with the lock- 
maker to open it without the key, and thus to elude the labour 
of the other. 

The excellence of locks consists in the security they afford ; 
and as numberless schemes are continually brought forward by 
designing men, to elude every contrivance of the most inge- 
nious mechanics, the invention of a durable lock, so constructed 
as to render it impossible for any person to open it without 
its proper key, has ever been an object of considerable import*- 
aoce. 

In the year 178 1* the Society for the Encouragement of Arts, 
&c, conferred their silver medal on Mr. Taylor, of Petworth, 
for his improv^ement on the latch or spring-bolts of common 
locks. This is effected by simply reversing the tumbler, so that 
its curved side acts against two stubs fixed on the tail of the 
latch, and thrusts back the latter with ease ; whether the knob 
be turned to the right or to the left, when the lock is opened. 
Mr. Taylor has also behind the tail of the latch fixed a guide 
containing a groove, in which runs a small friction-wheel-, that 
serves to keep the latch in its direct situation, and at the same 
time to diminish its friction : the arms of his tumbler are some- 
what contracted, in order that the latch or spring-bolt may move 
with greater facility. ^ By this construction, the parts of the 
tumbler and latch, which are in contact, move in a line, so that 
they pass over the greatest space under the smallest angle ; and 
the lock itself may oe constantly used for several years without 
rcKmiring the application of oil. 

Various patents have been obtained for the construction of 
locks, so as to prevent the possibility of picking them : the prin. 



cipal of these is Mr. Bramah’s, registered in 1784; and Mr. 
Spears’s, in 1795: but as the account of those inventions 
would be unintelligible without the aid of several engravings, 
the curious reader will consult the 5th' and 8tli vols. of the 
Repertory of Arts arid Mam^actures^ where they are minutely 
specified. 

MANGLE, a valuable domestic machine, employed for 
the purposeof smoothing such linen as cannot be conveniently 
ironed. 

Various patents have been granted for improvements in this 
machinery : but, as many of them are too complicated to be 
understood without very tedious details, we have annexed the 
figures in pL XII. representing an improved mangle contrived 
by Mr. Jee, of Rotherham ; to whom the Society for the En- 
couragement of Arts, &c. in 1 798, voted their silver medal, for 
the ingenuity displayed on that occasion. 

The following is a description of Mr. Jee’s improved mangle: 

A (fig. 5.) points out the great wheel, which, in machines of 
a full size, is 15 inches in diameter, b, the arbor, on which 
the nut, c, is fixed, d, the handle of the winch, e, the cranky 
21 inches in length, f, the rod of the crank, gg, represents 
the hollow studs, by which the ends of the bed are lifted up- 
HH, the levers, iiii, the four pulleys fixed on the moveable bed 
K- LL, the ends of the rollers. 

Fig. 6. represents a front view of one of the liollow studs 
to show its form, when standing at the end of the bed ; and 
into which the levers enter alternately, as often as it becomes 
necessary to elevate the bed, in order to put in, or take out, 
the rollers. 

Mr. Jee’s mangle is so constructed, that the handle requires 
to be turned one way only, in consequence of which the ma- 
chine moves with greater facility, and with incomparably less 
injury to the linen, than by varying the turnings, and in a man- 
ner cutting the different folds. Besides, it possesses the great 
advantage, that a w^oman and one boy are sufficient to work it, 
and can perform as much labour in the same period of time 
as three or four persons with mangles of the common con- 
struction. 

Mr. J. S. if patent mangle (specification dated Febt 
1808^, being compact and moderately simple, may here be 
described. 

This mangle is constituted of four horizontal rollers, the pi- 
vots of which play on suitable supports in a stout wooden frame 
put together with bed-screws. circumlocution, we 

shall denote these four rollers by the letters a, b, c, d. The 
two rollers a and b, whose axles bear on brass or iron, let into 
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the wooden frame, are posited side by side, but not so as to 
toiicfe^ " c is a moveable roller, about which the linen or cloth 
to be mangled is rolled, and it is then placed upon the rollers a 
and B, so as to lie in part between them. The axis of the fourth 
roller n works in pieces of brass or iron, which slide between 
two other pieces of metal, so that this I'oller d admits of eleva- 
tion and depression, by means of a lever working upon a hori- 
zontal shaft (at the top of the frame), and chains of suspension . 
The pieces of metal in which the axle of the roller n runs have 
long vertical pieces of iron attached to them, so as to reach 
below all the rollers; and to hooks at the lower extremities of 
these irons are hung chains carrying either a rectangular plat- 
form loaded with weights, or a rectangular box containing 
stones or other ponderous matter. 

In using this machine, the lever is pressed down and fastened 
by a h(X)k ; by this process the roller n, and platform below all, 
is elevated ; then the linen to be smoothed is wrapped about the 
roller which is next laid to rest between the rollers a and b- 
The lever is then freed from the hook which kept it down, and 
the action of the ponderous matter on the platform brings the 
roller n into contact with the roller c: in this state a rotatory 
motion is applied to all the rollers by means of a winch fixed 
to the axle of n ; and in a short time the pressure of the roller 
c, against a, b, and i>, will give the requisite smoothness to the 
linen. 

The patentee says, this machine will act best with a wheel on 
tlie axis' of each of the cylinders a and b, and a pinion between 
II with a fly-wheel on the axle of the pinion, to which mo- 

tion being given, all inequalities of pressure will be conquered 
with great ease. This machine is not confined to mangling only, 
but may be used with success as a copper-plate printing |n*ess, 
a letter-copying m^hine, &c, {Retrospect^ No,. 15.) 

37ie macJtine at MARLY, being so much celebrated, on 
jaccoiint of its magnificence and the multiplicity of its parts^ 
we shall here give some account of it, with a few remarks upon 
its construction. 

This machine, which was erected by one jff the 
country of Liege, and began to work in 1682, is situated te-? 
tween Marly and the village de la Chaussee: in that place the 
riv^ is barred up, partly by tlie machine and paitly by a dam 
which keeps up the water ; but that the navigation may not 
be interrupted, two leagues above Marly a canal has been cut 
for the pa^ge of boats and barges: there has also been erected 
(about SO fathoms fro*tt tire machine) a contrivance called an 
ice-hreaker , to prevent floating pieces of ice or timlier whicii 
come down the stream from damaging the machine ; and the 
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better to secure the penstocks atid the channels in which the 
wheels move^ there is a grate of timber to stop whatever may 
come through the ice-breaker. 

The water is raised to its destined height by means of 14^ 
wheels, which serve to work the pumps by three different stages: 
first, from the river to a reservoir, at the elevation of 160 
English feet above the level of the &ine : then to a second re-- 
servoir, 346 feet higher ; and from the latter to the summit of 
a tower rather more than S33 feet above the river. 

The breadth of the machine comprehends 14 jets, or waters 
courses, shut by sluices, or penstocks, which are raised and 
depressed by racks ; and in each of these jets is placed a wheel : 
[ these wheels are disposed on three lines; in the first, on the 

side which points up the stream there are seven, six in the 
second, and only one in the third. 

The ends of the axleof each wheel go beyond their bearing- 
pieces, and are bent into a crank, w'hich makes a lever of two 
feet ; and it is to be observed, that the crank which is towards 
the mountain sucks and lifts up the water of the river, to drive 
It into the first cistern, and the other crank gives motion to the 
balances. 

I Six of the wheels on the first line give motion by one of their 

I cranks to an engine of eight pumps, without reckoning the 

feeder: these engines are compounded of a regulator, at each 
end of which hangs a square piece of wood, that carries and 
directs four pistons ; the regulator is put in motion by two beams 
or leaders, one of which lying along answei's to the crank of 
the wheel and a vertical regulator, and the other hanging down 
is united to the same regulator and to the balance. 

Of the six wheels we have mentioned, there are five which by 
their other crank give motion to the pumps that work in the 
, cistern of the first lift, by means of horizontal levers and chains 

f that communicate the motion. The sixth wheel, which is the 

first towards the dam, moves a long chain that works the pumps 
of one of the wells of the upper cistern, which is called the 
cistern of the great Each of the cranks of the seventh 

wheel of the first line moves a chain which goes to the first 
cistern. ■' 

The six wheels of the second line move, by each of their 
cranks, a chain that goes to the upper cistern, which (reckoning 
the chain that comes from the sixth wheel of the first line) 
makes 13 chains. These chains go over one of the cisterns of 
the first lift; and five of them at the same time give motion to 
the pistons of thirty pumps, whilst the other chains go on 
straight to the upper cistern. 
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Lastly, the wheel which is on the third line, by each of its 
cranks, works an engine of eight sucking and lifting pumps, 
and of itself supplies one conduit pipe. 

The seven chains of the wheels of the first line in going along 
w^ork also eight sucking pumps placed a little below the cis- 
tern of the first lift, because in that place there are the waters 
of a considerable spring brought thither by an aqueduct ; and 
these same chains take up that water the second time to force 
it by 49 pumps into the upper reservoir, through two conduit 
pipes of eight inches, and three others of six indies diameter. 
Tne thirty pumps of the cistefn of the fiirst lift drive their 
water also through two pipes of eight inches diameter, which 
carry it into the upper cistern. 

The water raised at the two cisterns in the way up the hill 
discharges itself into a great reservoir, and thence, by two con- 
duit pipes of a foot diameter each, it runs into reservoirs of 
communication to be distributed into the several wells or little 
cisterns of the upper cistern, whence it is raised by 82 pumps, 
through 6 conduit pipes of 8 inches diameter, up into the 
tower which answ^ers to the aqueduct. 

The eight great chains that go straight to the upper cistern, 
without moving any engines by the way, work 16 pumps be- 
hind tlie upper cistern, to bring back into the reservoir of the 
said cistern the water which is lost out of the six pipes that go 
to the tower. 

The eight engines which suck and lift the water from the 
river contain 64 pumps: the two cisterns in the way up the hill 
together contain 79 pumps, and the upper cisterns 82, to 
which adding the sucking pumps called feeders, and the 8 
others which are below the midway cisteim, and besides the 16 
pumps whicli we mentioned as placed behind the upper cistern, 
the machine has in all £53 pumps. 

The basin of the tower which receives the water raised from 
the river, and supplies the aqueduct, is 610 fathoms distant 
from the river. The w^ater, having run along an aqueduct of S6 
arches, is separated into different conduits which lead it to 
Marly, and formerly conveyed it also to Versailles and Trianon. 

Such is the mechanism of the machine of Marly. Its mean 
produce is from 30,000 to 40,000 gallons of water per hour. 
We say mean produce, because, under certain favourable cir- 
cumstances, it raises more than 60,000 gallons per hour. But 
during inundations, or when the Seine is frozen, when the water 
is very low, or when any repairs are making, the machine stops 
in great measure, if not entirely. 

The annual expense of the machine, including the salaries 
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of those who stiperioteiid it, and the wages of the workmen 
employed j together with repairs, necessary aiticles, &e. may 
amount to about 3300Z. sterling, or per day : which makes 
about 1 farthing for 90 gallons. Or, taking into the account 
the interest of 333,000/. the original expense of erection, 90 
gallons will cost three halfpence, which is at the rate of a far- 
thing for 1 5 gallons**. 

Whoever has an opportunity of examining this machine, or 

E erases attentively the minute account of it given by Belidor in 
is second volume, will be convinced that llannequin was an 
ingenious practical mechanic, but no mathematician or philo- 
sopher. In several positions the moving forces act unneces- 
sarily obliquely, which occasions a great loss of power, and 
renders the machine less effectual. About of the whole 
moving power of some of the water-wheels are employed 
in giving a reciprocating motion to a set of rods and chains, 
which extend from the wheels to the cistern nearly three-fourths 
of a mile distant, where they work a set of pumps. By such 
injudicious construction, this engine is no less a monument of 
ignorance than of magnificence. 

It is probable Rannequin thought his moving force would not 
be sufficient to raise the water to the height of 533 feet, at 
once ; but this is not agreeable to theory : for a proper calcula- 
tion would show that the force of one crank is more than suf- 
ficient to raise a cylinder of water of that altitude, and above 8 
inches in diameter. To effect this with safety, however, the 
construction of the machine must be varied in several respects. 
But even according to the present construction, the water might 
be raised in one jet to the second reservoir. This is maniiest 
from two experiments, one made in 17 ‘>B and the other in 1775. 
In the first M. Camus endeavoured to make the water rise in 
one jet to the tower: his attempt was not attended with success ; 
but he made the water rise to the Jbot of the tower, which is 
considerably higher than the second reservoir. During this 
experiment the machine was prodigiously strained , and it was 
found necessary to secure some parts of it with chains. The 
object of the second trial, made in 1775, was to raise the water 
only to the second well. It indeed ascended thither at different 
times, and in abundance : but the pipes were exceedingly 
strained at the bottom, so that several of them burst; and it 
was necessary to suspend and recommence the experiment 


* This is very far from the price which the king of Denmark thought he might 

set on this water ; for that prince, when he visited Slarly in 1769, being astonished 
at the immense magnitude of the machine, the multiplicity of its movements, and the 
number of workmen it employed, conjectured that the water probably cost as much 
as wine*'' ' 
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several limes. This however arose from the age of the tubes 
and their want of strengths a fault which might easily have 
been remedied. Hence^ it results from this trial, that the 
chains which proceed from the river to the first well might be 
suppressed, together with the first w^ell itself : and this perhaps 
is all that is to be expected without a complete change in the 
machinery^^ 

MILL, properly denotes a machine for grinding or pul- 
verizing substances, as com, &c. 5 but, in a more general sig- 
nification know applied to many machines whose action arises 
in a great measure from a circular motion. Of these there are 
various kinds describetl in different parts of this volume, as 
Jiark-miU^ Barker\H-miUy Floji^milk Floitr-^ill^ Foot-^nill, 
ffandrmiUy Kncading-mUl, OiFmill^ Paper-mill^ Saw-mill^ 
fVater-milly 4 ’^n 

As a well-constructed, yet cheap, family-mill cannot but be 
highly useful in many parts of the country, we shall here pre- 
sent a description of the Family-mill and Bolter oi Mr. T. 
Rustall, of Purbrook-heath, near Portsmouth, who received 
a premium of 40 guineas from the Society of Arts for his in- 
ventionf. 

In pi XX. fig. 4. A, is the handle of the mill 5 b, one of the 
mill-su>nes, which is about 30 inches in diameter, and 5 inches 
in thickness, moving with its axis c : d, is the other mill-stone, 
which, when in use, is stationary ; but which may be placed 
near to, or at a distance from, the moveable stone b, by means 
of three screws passing through the wooden block e, that sup- 
ports one end of the axis c ; after it has been put through a 
hole or perforation iu the bed stone. 'Fhe grain likwise passes 
through this perforation from the hopper f, into tlie mill, p, 
represents the hopper, which is agitated by two iron pins on 
the axis c, that alternately raise the vessel containing the grain, 
which again sinks by its own weight. In consequence of this 
motion the corn is conveyed tlirough a spout that passes from 
such hopper into the centre of the mill behind, and through the 
bed stone d. g, a paddle, regulating the quantity of com to be 
delivered to the mill ; and, by raising or lowering which, a 
larger or smaller proportion of grain may be furnished : H, the 
receptacle for the flour, into w^hich it falls from the mill-stones, 
when ground; 1, represents one of the two wooden supporters 
cm which the bedstone, n, rests. These are screwed to the 

• M. Hychette informs us» TmiU Eltmentaire des Machines^ p. 105, that this 
raai'hine, after having stood 123 years, is now in an irreparable state of ruin. 

t Mr. Hustall engages to furnish the whole apparatus, and deliver it free of carriage, 
in London, for the moderate price of twenty guineas. 





block F>, and likewise mortised into the lower frame- work of 
the mill at k, whicli is connected by means of the pins dr wedges 

L, L, L, that admit the whole mill to be easily taken to pieces 

M, a fly-wheel, placed at the furthest extremity of the axis c, 
and on which another handle may be occasionally fixed; n, a 
small rail, serving to keep the hopper in its place; the furthest 
part of such hopper resting on a small pin, which admits of 
sufficient niotion for that vessel to shake forward the com : o, 
a spur-rail, for strengthening the frame-work ofthe mill; r, 
the front upright, that is mortised into the frame-work, and 
serves as a rest for the end of the iron axis c, which is next to 
the handle. On each extremity of such axis there is a shoulder, 
which keeps it steady in its place» Lastly, there is a cloth-hood 
fixed to a broad wooden hoop, which is placed over the stones 
while working, to prevent the finer particles of flour from 
escaping. 

Fig. 5, x'cpresents the bolter, with its front removed, in order 
to display its interior structure; the machine being 3 feet 10 
inches in length, 194; inches in breadth, and 18 inches In depth* 
A, is a moveable partition, sliding about four feet backwards or 
forwards, from the centre of the box, upon two wooden ribs, 
which are fixed to the back and front of the box, and one of 
which is delineated at the letter b; c, the lid of the bolter, 
represented open ; n, a slidei", which is moveable in a groove 
made in the lid, by means of two handles on the back of such 
lid ; E, a forked iron, fixed in the slider n, and which, when the 
lid is shut, takes hold of the edge of the sieve f, and moves it 
backwards and forwards on the wooden ribs B, according to the 
agitation of the slider; o, represents a fixed partition in the 
lower centre of the box, which it divides into tw^o parts, in order 
to separate the fine from the coarse flour ; from this partition 
the slider A moves each way about four inches, and thus affords 
room for working the sieve: h, a board that is parallel to the 
bottom of the bolter, and forms part of the slider a ; this board 
serves to prevent any of the sifted matter from falling into the 
other partition : I, represents two of the back feet, which sup- 
port the bolter* 

Fig. 6. of the plate above mentioned is a view of the top, or 
upper part, of the lid of the bolter ; k, the slider that moves 
the lengthwise of the bolter ; b, l, the handles, by which the 
slider is worked; m, a screw, serving to hold the fork, which 
imparts motion to the sieve. 

Fig. 7. represents the forked iron, e, separately from the lid. 

Both the mill and bolter may be constructed at a moderate 
expense, and they occupy only a small space of ground. The 
former may even be worked in a public kitchen, or within a 
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room in a farm-house, without occasioning any great incum- 
brance. 

The particular excellence of the mill consists in this circum- 
stance, that, from the vertical position of its stones, it may be 
put in action without the intervention of cogs or wheels. It 
may be employed in the grinding of malt, the bruising of oats 
for horses, and for making flour, or for all these purposes ; it 
may likewise be easily altered, so as to grind either of those 
articles to a ^eater or less degree of fineness. 

Another advantage peculiar to Mr. RustalPs contrivance is, 
that one man is sufficient to work it ; though, if two persons, 
namely, a man and a boy, be employed, they will be able to 
produce, in the course of two hours, a quantity of flour sufficient 
to serve a family, consisting of six or eight persons, for a whole 
week : — repeated satisfactory trials have proved that this mill 
grinds the corn completely, and at the rate of one bushel of 
wheat within the hour. Besides, the industrious farmer will 
thus be enabled to makecomparative experiments on thequality 
of his grain, and may furnish himself, at a trifling expense, with 
flour from his own wheat, without apprehending any adultera- 
tion ; or without being exposed to the impositions or caprice 
of fraudulent and avaricious millers. 

Lastly, though Mr. H.'^s bolter be more particularly calcu- 
lated for sifting flour, it may also be applied to various other 
useful purposes, and especially with a view to obviate the incon- 
veniences necessarily attendant on the levigation of noxious 
substances, and to prevent the waste of their finer particles. 

The subject of mill- work has engaged the attention of many 
authors in different countries : the following is a catalogue of 
the chief writings, both theoretical and descriptive. 

Kiinstliche abriss, allerhand wasser- wind- ross- und hand- 
muhlen, &c. von Jacob, de Strada d Rosherg, 1617. 

Georg Christoph Lmrmr Machiha toreutica nova ; oder, 
beschreibung der neu erfundenen Drehmuhlen. 1661. 

Theatrum machinarum novum ; das ist, neu vermehrter 
Schauplatz der mechanischen Kiinste, handelt von allerhand 
wasser- wind- ross- gewicht-und hand- muhlen. Von Geo, And, 
Bocklerti. 1661. 

Contenta discursus mechanici, concernentis descriptionem 
optimsB formas velorum horizontalium pro usu molarum, nec 
non fundamentura inclinatorum velorum in navibus, habita 
coram Societate Regia, a R. H. translata ex collectionibus 
^ philosophicis M. Dec. num. 3. pa. 61. 1681. 

Dissertatiohistorica de molis,quam praeside J oh, Phil Treuer 
defend. Jo, Tob. MilMerger Ratisbonens. Jenae. 1695. 

Martin Marieth Wiskundige beschouwinge der wind — of 


WRmNGS §69 

%?adermooleiis, vergeleken met die van den heev Johann Lu- 
Iqfs. Amsterdam. 1 700* 

Voilstandige raiihlen-bankunstj von Leonhard Christoph. 
Sturm. 1718. 

Jacob Theatrum machinarum. 17^4f, 17SJ5. 

Remarques sur les aubes ou pallettes des moulins, et autres 
machines mues par le courant des rivieres. Par M. Pitot ^ mem, 
Acad. boy. Paris. 17^9. 

Joh. mn Z^l theatrum machinarum universale, of groot 
algemeen moolen-bock, &c. Amsterdam. 1734. 

Jo. CaraL Totem Disser. de machinis molaribus optime con- 
strelindis. Lugd. Batav. 1734.' 

Kurze, aber deiitliche anweisung zur construction der wind- 
und wasser-rauhlen, von Gottfr. Kinderlmg. 1735. 

Desagulkris Experimental philosophy. 1735, 1744. 

Architecture bydraulique, par If. BelAdor. 1737, 1753. 

Part of a letter from Mr. W. Anderson, F. R. S. to Mr. 
Baker, F. R. S. containing a description of a water-wheel for 
mills invented by Mr. Philip Williams. Phil. Trans, vol. 44 
1746. 

Leonh.EuleriJDo constructione aptissinia molarum alatarum 
disp.^Noy. Com. Acad. Petrop. tom. 4, 1752. 

M^moire dans lequel on demontre que lean d’une chute 
destin6e ^ faire mouvoir quelque machine, moulin ou autre, 
pent toujours produire beaucoup plus dWet en agissant par 
son poids qu'en agissant par son choc, et que les roues 1 pots 
qui tournent lenteraent produisent plus d’eflFet que celles qui 
tournent vite, relativement aux chutes et aux depenses. Par 
ilf. de Parcieuw, Acad. Roy. Paris, 1756. 

Jo. Alberti EuIeri Enodaiio questionis : quo modo vis aquae 
aliusve fluid! cum maximo lucro ad molas circumagendas, aliave 
opera perficienda impend! possit, praemio a societate Rema. 
Sci. Getting. 1754. ■ 

Recherches plus exactes sur Feffet des moulins a vent, par 
M. Euler. Acad. Roy. Berlin. 1756. 

An experimental inquiry concerning the natural powers of 
wind and water to turn mills and other machines depending 
on a circular motion. By Mr. J. Smeaton.P. R. S. Phil. TranS 

[ Abstracts of this and Mr, Smeaton’s other papers on water 
and wind-mills have been given in book iv. of our first volume, 
and the Introduction to this. They were collected and published 
by Taylor, Holborn, in 1794.] 

Memoire dans lequel on prouve que les aubes roues mues 
par les courans des grandes rivieres fei'oient beaucoup plus 
d effet si elles 6toient inclinees aux rayons, qu’elles ne font etant 
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appHqu&s contreles rayons memes, com me ellcs Ic sont aiix 
raoulins pendans et aiix moulins snr bateaox qiii sont sur les 
rivieres de Seine, de Marn% de Loire^ &c. Par Jf. de Par- 
cietar^ mem. Acad. Boy. Paris. 1759. 

Joh Albei^t Euler's Abhandlung von der bewegung ebener 
fiachen, wenn sie vom winde getrieben werden. 1765. 

Schauplatz des mechaniseben miihleiibaues, darinnen von 
verschiedenen hand- trett- ross- gewicht- wasser- und wind- 
miihieu gehandelt wird, durch Johann George Scopp I, C. iter 
Theil 1766. 

Theatrum machinarum molarium, oder schauplatz der mii- 
hlenbaukunst. als der neunte theil von des^sel hern Jac. Leu- 
piM$ theatre machinarum, von JoL Mathias Bcyern. 1767, 
i788, m% 

A memoir concerning the most advantageous construction 
of water-wheels, &c. by Mr. Mallet^ of Geneva. Phil. Trans. 
1767. 

Memoiresur les roues hydrauliques, par M. Ic Chevalier & 
Bordaj mem. Acad. Roy. Paris. 1767. 

Kurzer unterricht, allerley arten von wind-und wasser-m iihlen 
auf dievortheilhaftesteweisezu erbauen, nebsteinigen gedanken 
iiber die verbesserung des raderwerks an den muhlcn, von 
JoluKoni^ 1767. 

Gf G. Mischoff's Beytrage zur mathesis dur muhlen. 1767. 

Sur la position des ailes des moulins a vent. U" Alembert 
Opusc. mathema. tom. 5. 1768. 

Determination gen6rale de TefFet des roues mues par le 
choc de Feau, par M. Fabb4 Bossut^ mem. Acad. Roy. Paris. 
1769. 

Andreas Kacwenhl^er^Deutliche abhandlung von den riidern 
der wassermuhlen, und von dem einrandigen werke der schnei- 
jitenuhl«i» 1770* 

Manuel du meunier et dii charpentier des moulins, redige 
par Eibn- Be^ptMkt 1775. 

Remarques sur les moulins k vent, par M. Lambert 

Remarques sur les moulins et autres machines, ou Fean 
tombe en dessus de la roue, par M, Lambert. 

Experience et remarques sur les moulins que Feau meut par 
en bas dans une direction horizontale, par M. Lambert 
, Remarques sur les moulins et autres machines dont les roues 
prennant Feau a une certaine hauteur, par M. Lambert 

[The last four articles are inserted in Mem. Acad. Roy. 
Berlin. 1775.] 

Of the and quantities of winds requisite to move the 

heavier kinds of wmd*wcbines,by Jh/m Stedmami^ M.D. Phil. 
Trans. 1777. 
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Ausfuhiiiclie erklarung der vorscliliige fiir die langere dauer 
der muhlenwerke,nebst annlicheBgegeiistandenjm ein gesprach 
verfaaset, von Johann Ckrutmn FilUmann^ Muhlenmeister. 
1780. 

Observations theoriques et experimentales sur FefFet des 
nioulins a ventjetsiir la figiire de leurs ailes, par iJ. Couhmh^ 
mem. Acad. Roy. Paris. 1781. 

Tratado de los graiios y modo de molerlos con economia^ de 
la conservacion de astos y delas hairnas ; escr. en, Fr. par M. 
BcguHletf y extract, y trad. alCast. con algiin notas y un sup- 
plcm. por JPh» Marescaulc/ii. 1786. 

Suite de rarchitecture hydraulique, par M. Fahre. 1786. 

Memoires sur les moyens de pertectionner les moulins, et la 
mooture licononiiquej par C Bucquet* 1786. 

Manuel on vocabulaire des moulins A pot. A Amst. 1786. 

Die nothigsten kenntnisse zur anlegung, beurtheiiung und 
berechnung der wassermuhlen, und zwar der mahl-oehl- und 
sage-iniihlen, siir anfilnger und liebhaberdermuhlenbaukunst, 
von Jolu Christ, Huth, 1787. 

An essay proving iron far superior to stone of any kind for 
breaking and grinding of corn, &c.by W. Walton, 1788. 

Muhlenpraktik, oder unterricht in dem maiden der brod- 
friichte, fiir polizeybeamte, gavei'ksleute und haus'^irthe, von 
L.Ph.Hakn. 1790. 

The young milLwright and miller’s guide, by Oliver Emm^ 
Philadelphia^ 1790.^ 

Manuel du mlienier et du constructeur des moulins i eau et 
grains, par C. Bmquet, 1791. 

Praktische anvireisung zum muhlenbau, von Lr, Clausen. 
1792. 

Beschreibungzweir maschinen zur reinigungdes korns, von 
hr, Clausen. 1792. 

Instructions sur Fusagedes moulins k bras, inventes et per- 
fectionnis par les Citoyens pfere et fils, mecaniciens. 

\ ; ... ^ ^ ; , 

Theoretisch-praktische abhandlung uber die besserung der 

muhlrader von dem verfasser de zweekmassigen luftreiniger, 
&e. '■■■, 1795. . 

A treatise on mills, in four parts, hy John Banks, 1795. 

Handbuch der maschinenlehre, sur praktiker und akade* 
mische lehrer, von Karl Christian Langsdorf. 1797, 1799. 

On the power of machines : including Barker’smiill, West- 
garth’s engine, Cooper’s-mill, horizontal water-wheel, &c, by 
John Baiiks. 1803. 

The experienced millwright, by Amhew Gray^ millwright 

■■ 1801 ., 
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Practical Essays on Mill Work, and other Machinery, and 
on the Shafts of Mills, by Robertson Buchanan^ Civil Engineer, 
I8J4. A new edition of this useful work has been recently 
published, with great improvements, by Mr. Tredgold. 

The Transactions of the Society of Arts and Manufactures ; 
several of the volumes of which contain improvements in mill- 
work. See also the Repertory of Arts, in various places. 

MULLERS for grinding colours, according to the common 
construction, are too well known and too simple to need a par- 
ticular description here. But Mr, James Rawlinson, of Derby, 
has invented a concave muller, for which the Society of Arts 
presented him a silver medal and ten guineas, on account of its 
ingenuity. He has used his machine lor several years, and has 
found it much more effectual and expeditious in reducing the 
colour to extreme fineness than the usual method, and much 
less injurious to the health of the workman, who frequently has 
done as much with it in three hours as he could in twelve with 
the muller and slab. 

The machine consists of a flat cylinder of black marble, six- 
teen inches and a half diameter, and four and a half thickness, 
with an axle traversing its centre (thus somewhat resembling a 
common cutler^s grindstone). It is suspended on a similar 
frame, in a vertical position, and turned round in the same man- 
ner by a winch : a concave piece of marble is provided, of the 
same breadth as the circular stone, forming a segment of the 
same circle one third of the circumference in extent : this, 
which may be considered as the muller, is fitted into a piece of 
solid wood of similar shape, one end of which is secured loosely 
by a hinge or otherwise to the frame ; the other end, rising over 
the circular stone and supported by it, is further pressed down 
on it by a long spring bent over from the opposite extremity of 
the stand, and regulated as to its pressure by a screw, whose end 
turns against the concave muller; a slight frame of iron in front, 
moveame on a hinge, by which it is secured to the frame, sup- 
ports a scraper, for taking off the colour, formed of a piece of 
watch-spring, which is turned back out of the way when not in 
use. Mr. R. thinks the circular grindstones might be made 
much larger than he used, to advantage, and that one of two 
feet diameter would not occasion too much labour to one man 
to turn it : he computes that in his machine there are seventy 
square inches of surface of the concave muller in constant work 
on the paint, while in the common muller not more than six- 
teen square inches are usually in contact with the slab. The 
machine will be found equally serviceable for the colours ground 
in water as for those j^ll'epared with oil, according to Mr. R., 
who liiglily recommends its use to all colovirmen. 



Mr. R. advises, in making up tlie colours in bladders, to in- 
sert a bit of quill or reed in the neck of the bladder, which will 
thus bind better in tying; and, admitting of a secure stopper, 
will be more cleanly and less wasteful than the usual method of 
stopping with a nail, and keep the colour more safe from the 
air. (Retrospect, &c. No. I.) 

NORIA. bee ll\DiiAVLic-macImies^ No. 3, 

ODOMETER, a mechanical contrivance for measuring the 
%vay passed over by a carriage. An apparatus of this kind, by 
Mr. R. L. Edgworth, may be easily attached to the axle-tree 
bed of a post-cnaise, gig, or any other carriage. One turn and 
a half of a screw is formed round the nave of one of the hinder 
wheels by a slip of iron, which is wound round the nave, and 
fastened to it by screws passing through five or six cocks, that 
are turned up at right angles on the slip of iron. 1 he helix so 
formed on the nave of tlie carriage-wheel acts as a worm or 
screw upon the teeth of a wheel called a, which should have 
£0 teeth, if the carriage-w'heel be 5 feet 3 inches in circum- 
ference. On the arbor of the wheel a there is a brass endless 
screw called b, which acts upon a brass wheel e of 80 teeth ; 
this latter wheel serving as a dial plate, and is divided into miles, 
halves, quarters, and furlongs. The figures indicating the miles 
are nearly | of an inch long, so as to be quite distinct ; they are 
pointed to an index which projects from a fixed point a little 
way over the plate, in such a manner as to be easily seen from 
the carriage, as well as the figures passing successively beneath 
it. The two brass wheels a and c are mounted by irons with 
pivots upon a rectangular block of wood, which is to be serew^ed 
upon the axletree bed, and, if the carriage permits, in such a 
manner that the dial-plate may front the eye of the person who 
looks from the carriage. 

There is a ratchet-wheel attached to the arbor of the wheel 
A, which by means of a click allows the wheel to be set with a 
key or handle fitted to the square end of the arbor. There are 
two springs, one adapted to the wheel a, and the other to the 
dial-piate w^heel c, to prevent them from shaking by the motion 
of the, carriage.'' 

Such an apparatus will estimate distances for 5 mile^^ and 
an additionai wheel of 81 teeth vvould render it fit to count 
400 miles. If the carriage-w’heel be eitheiv larger or smaller 
than 5 feet S inches 4n peilmeter, it will sd easy to adapt 
an odometer to it. 

OIL-MILL, a mill for expressing the oils from fruits, or 
grains, &c. As these kingdoms do not produce the olive, it 
w'ould be needless to describe the mills which are employed in 
the southern parts of Europe. Wc shall content ourselves, 
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therefore, with a description of a Dutch oil-mill, employed for 
grinding and pressing lint-seed, I’ape-seed, and other oleaginous' 
grains. Farther, to accommodate our description still more to 
our local circumstances, we shall employ water as the first 
mover ; thus avoiding the enormous expense and complication 
of a windmill. 

In plate XXI. fig. A. 

1* Is the elevation of a wheel, over or under-shot, as the 
situation may require, 

2. The befi-metal socket, supported by masonry, for receiving 
the outer gudgeon of the water-wheel 
The water-course. 

Fig. B. 

1. A spur-wheel upon the same axis, having 52 teeth. 

2. The trundle that is driven by No. 1. and has 78 staves. 

6. The wallower, or axis fur raising the pestles. It is fur- 
nished round its circumference with wipers for lifting the pes- 
tles, so that each may fall twice during one turn of the water- 
wheel, that is, three wipers for each pestle. 

4. A frame of timber, carrying a concave half-cylinder of 
bell-metal, in which the wallower (cased in that part with iron 
plates) rests and turns round. 

5. Masonry supporting the inner gudgeon of the water-wheel 
and the above mentioned frame, 

6. Gudgeon of the wallower, which bears against a bell- 
metal step fixed in the wail. This double support of the^wal- 
lower is found to be necessary in all mills which drive a number 
of heavy stampers. 

Fig. c, is the elevation of the pestle and press-frame, their 
furniture, the mortars, and the press-pestles. 

1. The six pestles. 

2. Cross pieces between the two rails of the frame, forming, 
with tliese rails, guides for the perpendicular motion of the 
pestles. 

8. The two rails. The back one is not seen. They are 
checked and bolted into the standards No. 12. 

4. The tails of the lifts, corresponding to the wipers upon 
the wallower. See the article Wiper. 

5. Another rail in front, for carrying the detents which hold 
up the pestles when not acting. It is marked l4 in fig. m. 

6. A beam a little way behind the pestles. To this are 
fixed the pulleys for the ropes which lift and stop the pestles. 
It is represent^ by 16 in fig. m - 

7. The said pulleys with their ropes. 

8. The driver, which strikes the wedge that presses the 
oil. 
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9* The discharger^ a stamper which strikes upon the inverted 
wx^dge, and loosens the press. 

10. The lower rail with its cross pieces, forming the lower 
guides of the pestles. 

11. A small cog-wheel upon the wallower, for turning the 
spatula, which stirs about the oil-seed in the chauffer-pan. It 
has 2S teeth, and is marked No. 6. in fig. m. 

12. The four standards, mortised below into the block, and 
above into the joists and beams of the building. 

13. The six mortars hollowed out of the block itself, and in 
shape pretty much like a kitchen pot. 

14. The feet of the pestles, rounded into cylinders, and shod 
with a great lump of iron. 

15. A board behind the pestles, standing on its edge, but in- 
clining a little backwards. . There is such another in front, but 
not represented here. These form a sort of trough, which pre- 
vents the seed from being scattered about by the fall of the 
pestles, and lost. 

16. The first press-box (also hollowed out of the block, in 
which the grain is squeezed, after it has come for the first time 
from below the mili-stones. 

17. The second press-box, at the other end of the block, for 
squeezing the grain after it has passed a second time uoder 
the pestles. 

18. Frame of timber for supporting the other end of the 
wallower, in the same manner as at No. 4. fig. b. 

1 9* Small cog-wheel on the end of the wallower, for giving 
motion to the mill-stones. It has 28 teeth. 

20. Gudgeon of the wallower, bearing on a bell-metal socket 
fixed in the w^all. 

£1. Vessels for receiving the oil from the press boxes. 

Fig. D. Elevation and mechanism of the mill-stones. 

1. Upright shaft, carrying the great cog-wheel above, and 
the runner mill-stones below in their frame. 

2. Cog-wheel of 76 cogs, driven by No. 19. of fig. c. 

3. The frame of the runners. 

4. The innermost runner, or the one nearest the shaft. 

5. Outermost ditto, being further from the shaft. 

6. The inner rake, which collects the grain under the outer 
runner. 

7. The outer-rake, which collects the grain under the inner 

runner. In this manner the grain is always turned over and 
over, and crushed in every direction. The inner rake lays the 
grain in aslope, of which fig. o is a section j the runner flattens 
it, and the second rake lifts it again, as is marked in fig. p ; so 
that every side of a is presented to the mill-stone, and the 

rest of the legger or nether mill-stone is so swept by them, that 

' 'T' 2 ■ 
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not a single grain is'left on any part of it. The outer-rake is 
also furnished with a rag of cloth, wdiich rubs against the border 
or hoop that surrounds the nether mill-stone, so as to drag out 
the few grains which might otherwise remain in the corner. 

8. The ends of the iron axle which passes through the up- 
right shaft, and through the two runners. Thus they have two 
motions: I mo, A rotation round their own axis; 2do, That by 
wliich they are carried round upon the nether mill-stone on 
which they roll. The holes in these mill-stones are made a 
little wide; and the hol^ in the ears of the frame, which carry 
the ends of the iron axis, are made oval up and down. This 
great freedom of motion is necessary for the runner mill-stones, 
because frequently more or less of the grain is below them at a 
time, and they must therefore be at liberty to get over it with- 
out straining, and perhaps breaking; the shaft. 

9. The ears of the frame which lead the two extremities of 
the iron axis. They are mortised into the under side of the 
bars of the square frame, that is carried round with the shaft. 

It). The border or hoop which surrounds the nether mill- 
stone. 

1 1. and 12. The nether millstone, and masonry which sup- 
ports it. 

Fig, K. Plan of the runner mill-stones, and the frame w^hich 
carries them round. 

i, L Are the two mill-stones. 

3, 3, 3, 3. The outside pieces of the frame. 

4, 4, 4, 4. The cross-bars of the frame which embrace the 
upright shaft 5, and give motion to the whole. 

6. 6. The iron axis upon which the runners turn. 

7. The outer-rake. 

8. The inner ditto. 

Fig. L. Represents the nether mill-stone seen from above. 

1 . The wooden gutter, which surrounds the nether mill- 
stone. 

2. The border or hoop, about six inches high, all round, to 
prevent any seed from being scattered. 

3. An opening or trap-door in the gutter, which can be 
opened or shut at pleasure. When open, it allows the bruised 
grain collected in and shoved along the gutter by the rakes to 
pass through into troughs placed below" to receive it. 

4. Portion of the circle described by the outer runner. 

5. Portion of the circle described by the inner one. By 
these we see tliat the two stones have different routes round the 
axis, and braise more seed. 

6. The outer rake. 

‘X The inner ditto. ^ ^ 


£7T 


OlL^MlhU 

8. The sweep, making part of the inner rake, occasionally let 
down for sweeping off all the seed when it has been sufficiently 
bruised. The pressure and action of these rakes is adjusted by 
means of wooden springs, which cannot be easily and distinctly 
represented by any figure. The oblique position of the rakes 
(the outer point going foremost) causes them to shove the grain 
inwards or to^vard tlie centre, and at the same time to turn it 
over, somewhat in the same manner as the mould-board of a 
plough shoves the earth to the right hand, and partly turns it 
over. Some mills have but one sweeper ; and, indeed, there 
is great variety in the form and construction of this part of the 
machinery. 

Fig. M. Profile of the pestle frame. 

1. Section of the horizontal shaft. 

2. Three wipers for lifting the pestles. See Wiper. 

3. Little wheel of £8 teeth, for giving motion to the spatula. 

4. Another wheel, which is driven by it, having £0 teeth. 

5. Horizontal axle of ditto. 

(j. Another wheel on the same axle, having 13 teeth. 

7. A wheel upon the upper end of the spindle, having 12 
teeth. 

8. Two guides, in which the spindle turns freely, and so that 
it can be shifted higher and lower. 

9. A lever, moveable round the piece No. 14. and having a 
hole in it at 9, through which the spindle passes, turning freelj^ 
The spindle has in this place a shoulder, which rests on the 
border of the hole 9 ; so that by the motion of this lever the 
spindle may be disengaged from the wheeL work at pleasure. 
I'liis motion is given to it by means of the lever 10, 10, move- 
able round its middle. The workman employed at the chauffer 
pulls at the rope 10, 11, and thus disengages the spindle and . 
spatula. 

1 1. A pestle seen sidewise. 

1£. The lift of ditto. 

1 3. 1 he upper rails, marked No. 3. in fig. c.. 

] 4*. The rail, marked No. 5, in fig. c. To this are fixed the 
detents, which serve to stop and hold up the pestles. 

1 5* A detent, which is moved by the rope at its outer end. 

16. A bracket behind the pestles, having a pulley, through 
w’hich passes the rope going to the detent 15* 

17. The said pulley. 

18. The rope at the workman’s hand, passing through the 
pulley 17, and fixed to the end of the detent 15. 

This detent naturally hangs perpendicular by its own weight. 
When the workman wants to stop a pestle, he pulls at the rope 
18, during the rise of the pestle. When this is at its greatest 
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heightj the detent is horizontal, and prevents the pestle from 
falling by means of a pin projecting from the side of the pestle, 
which rests upon the detent, the detent itself being held in 
that position by hitching the loop of the rope upon a pin at the 
workman’s hand. 

19. The two lower rails, marked No. 10. fig. c. 

20. Great wooden, and sometimes stone, block, in which 
the mortars are formed, marked No. 21. in fig. c. 

21. Vessel placed below the press-boxes for receiving the oil. 

€£. Chauffer, or little furnace, for warming the bruised grain. 

23. Backet in the front of the chauffer, tapering downwards, 
and opening below in a narrow slit. The hair bags, in which the 
grain is to be pressed after it has been warmed in the chauffer, 
are filled by placing them in this backet. The grain is lifted 
out of the chaufier with a ladle, and put into these bags; and 
a good quantity of oil runs from it through the slit at the bot- 
tom into a vessel set to receive it. 

24. The spatula attached to the lower end of the spindle, 
and turning round among the grain in the chauffer-pan ; thus 
preventing it from sticking to the bottom or sides, and getting 
too nmch heat. 

The first part of the process at an oil-mill is bruising the seed 
under the runner stones*. Thattliis may be more expeditiously 
done, one of the runners is set about |ds of its own thickness 
nearer the shaft than the other. Thus they have different 
treads; and the grain, which is a little heaped towards the cen- 
tre, is thus bruised by both. The inner rake gathers it up under 
the outer stone into a ridge, of which the section is reptesented 
in plate XXI. fig. o. The stone passes over it, and flattens it. 
It is gathered up again into a ridge, of the form of fig. r, under 
the inner stone, by the outer rake, which consists of two parts. 
Tire outer part presses close on the wooden border which sur- 
rounds the nether stone, and shoves the seed obliquely inwards, 
while the inner part of this rake gathers up what had spreac! 
toward the centre. The other rake has a joint near the middle 
of its length, by which the outer half of it can be raised from 
the nether stone, while the inner half continues pressing on it, 
and thus scrapes off the moist paste. When the seed is suf- 
ficiently bruised, the miller lets down the outer end of the rake. 
This immediately gathers the whole paste, and shoves it ob- 
liqnely outwards to the wooden rim, where it is at last brought 

* We are told, that io a mill at ReichenhofFen, ni Alsace^ a considerable improve- 
ment has been made by passing the seed between two small iron rollers, before it is put 
under the mill-stones. A gre^t deal of work is said to be saved by this preliminary 
opieration, and finer oil produced *. which we think very probable. The stamping and 

pressing go on as in other mills* 
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to a part that is left unbearded, and it falls through into 
troughs placed to receive it. The troughs have holes in the 
bottom, through \vhich the oil drips all the time of the operation. 
This part of the oil is directed into a particular cistern, being 
considered as tlie purest of the whole ; having been obtained,. 
without pressure, by the mere breaking of the hull of the 
seed. 

In some mills this operation is expedited, and a much greater 
quantity of this best oil is obtained, by having the bed of 
masonry which supports the legger formed into alittle furnace, 
and gently heated. But the utmost care is necessary to prevent 
the heat from becoming considerable. This, enabling the oil to 
dissolve more of the fermentable substance of the seed, exposes 
the oil to the risk of growing soon very rancid; and, in general, 
it is thought a hazardous practice, and the oil does not bring 
so high a price. 

Wnen the paste comes from under the stones it is put into 
the hair bags, and subjected to the first pressing. The oil 
thus obtained is also esteemed as of the first quality, scarcely 
inferior to the former, and is kept apart; (the great oil cistern 
being divided into several portions by partitions). 

The oil cakes of this pressing are taken out of the bags, 
broken to pieces, and put into the mortars for the first stamping. 
Here the paste is again broken down, and the parenchyma of 
the seed reduced to a fine meal. Thus free egress is allowed to 
the oil from every vesicle in which it is contained. But it is 
now rendered much more clammy, by the forcible mixture of 
the mucilage, and even of the finer parts of the meal. When 
sufficiently pounded, the workman stops the pestle of a mortar, 
when at the top of its lift, and carries the contents of the mortar 
to the first chauffer pan, where it is heated to about the tem- 
perature of melting bees-wax (this, w^e are told, is the test), and 
all the while stirred about by the spatula. From thence it is 
again put into hair bags, in the manner already described ; and 
the oil which drips from it during this operation is considered 
as the best of the second quality, and in some mills is kept 
apart. The paste is now subjected to the second pi'essing, and 
the oil is that of the second quality. 

All this operation of pounding and heating is performed by 
one workman, who has constant employment by taking the four 
mortars in succession. The putting into the bags and conducting 
of the pressing gives equal employment to another workman. 

In the mills of Picardy, Alsace, and most of Flanders, the 
operation ends here ; and the produce from the chauffer is in- 
creased, by putting a spoonful or two of water into the pan 
among the paste. 
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Blit the Datcii take more pains. They add no water to the 
paste of this their first stamping. They say that this greatly 
lowers the quality of the oil. The cakes which result from 
liiis pressing, and are there sold as food for cattle, are still fat 
and softish. The Dutch break them down, and subject them to 
the pestles for the second stamping. I’hese reduce them to an 
impalpable pa^te, stiff like clay. It is lifted out, and put into 
the second chauffer pan ; a few spoonfuls of water are added, and 
the whole kept for some time as hot as boiling water, and care- 
fully stirred all the while. From thence it is lifted into the hair 
bags of the last press, subjected to the press; and a quantity 
of oil of the lowest quality is obtained, sufficient for giving a 
satisfactory profit to the miller. The cake is now perfectly 
dry, and hard, like a piece of board, and is sold to the farmers. 
Isay, there are small mills in Holland which have no other em- 
ployment than extracting oil from the cakes which they pur- 
chase from the French and Brabanters ; a clear indication of 
the superiority of the Dutch practice. 

The nicety with which that industrious people conduct all 
their business is remarkable in this manufacture. 

In their oil cistern, the parenchymous part, which unavoid- 
ably gets through, in some degree, in every operation, gradually 
subsides; and the liquor, in any division of the cistern, comes to 
consistof strata of different degrees of purity. The pump swhich 
lift it out of each division are in pairs ; one takes it up from 
the very bottom, and the other only from half the depth. The 
last only is barrelled up for the market, and the other goes into 
a deep and narrow cistern, where the^ dreg again subsides, and 
more pure oil of that quality is obtained. By such careful and 
judicious practices, the Dutch not only supply themselves with 
this important article, but annually send considerable quantities 
even into those provinces of France and Flanders where they 
bought the seed from which it was extracted. When we reflect 
on the high price of labour in Holland, on the want of timber 
for machinery, on the expense of building in that country, and 
on the enormous expense of wind-mill machinery, both in the 
first erection and the subsequent wear and tear, it must be evi- 
dent, that oil-mills erected iii England on water falls, mid after 
the Dutch manner, cannot fail of being a great natioiia* advan- 
tage. The chatellanie or seigneu rie of Lille alone makes an- 
nually betweeii SVfiOO and 40,000 barrels, each containing 
about 26 gallons. 

%\ hat is here delivered is only a sketch. Every person 
acquainted with machinery will understand the general move- 
ments and operations. But the intelligent mechanic well knows, 
that ojxjrations of this kind have many minute circumstances 
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which cannot be described, and which, nevertheless, may have 
a great influence on the whole. The rakes in the bruising-mill 
have an oiffice to perform w^hich resembles that of the hand, 
directed by a careful eye and unceasing attention. Words can- 
not communicate a clear notion of this; and a mill, constructed 
from the best drawings, by the most skilful workman, may 
gather the seed so ill, that the half of it shall not be bruised after 
many rounds of the machinery^ This produces a scanty return 
of the finest oil ; and the mill gets a bad character. The pro- 
prietor loses his money, is discouraged, and gives up the work. 
— There is no security but by procuring a Dutch mill-wright, 
and paying him with the liberality of Britons. Such unhoped- 
for tasks have been performed of late years by machinery ; and 
mechanical knowledge and mmntmn are now so generally dif- 
fused, that it is highly probable that we should soon excel our 
teachers in this branch. But this very diifusion of knowledge, 
by encouraging speculation among the artists, makes it a still 
greater risk to erect a Dutch oil-mill without having a Dutch- 
man, acquainted with its most improved present form, to con- 
duct the work. (Supp. Encyclo, Britan.) Another description 
of an oil-mill may be seen in the Paktobogia, vol. viii. 

Boring of OKDNANCE. Till within a few years, iron 
ordnance were cast with a cylindrical cavity, nearly of the di- 
mensions of the caliber of the piece, which was afterwards en- 
larged to the proper caliber by means of steel-cutters fixed into 
the dog-head of a boring bar-iron. Three equidistant side-cut- 
ters were requisite to preserve the caliber straight and cylin- 
drical; and a single cutter was used at the end of the bar to 
smooth the breach of the piece. In boring ordnance cast hol- 
low, the piece was fixed upon a carriage that could be moved 
backwards and forwards in a direct line with the centre of a 
water-wheel ; in this centre was fixed the boring-bar, of a suf- 
ficient length to reach up to the breech of the piece, or more 
properly to the further end of the caliber. The carriage with 
the piece being drawn backwards from the centre of the water- 
wheel to introduce the boring and finishing bars and cutters, 
it is then pressed forwards upon this bar by means of levers, 
weights, &c. and the water-wheel being set going, the bar and 
fullers are turned round, and clean out and smooth the caliber 
to its proper dimensions- 

Experience at last pointed out many inconveniences arising 
from the method of casting guns and widening the cali- 

bers by these boring bars. For the body of iron of the hollow 
gun, being, at casting, in contact with the core that made the 
caliber within-side, and with the mould without-side, began to 
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consolidate towards these sides in the first place sooner than in 
the intermediate space* where of course the contraction of the 
iron takes place ; by which means, all guns cast hollow became 
more or less spongy where they ought to have been most com- 
pact ; and numberless cavities also were created round the cores, 
from stagnated air generated in them, which were too deep to 
be cut out by the boring. 

To remedy these defects, iron ordnance as w^ell as brass is 
now universally cast solid, by which means the column of 
metal is greatly enlar^d, and the grain more compressed ; 
and the contraction becomes in the heart of the column, and 
consequently is cut out by the perforation for the caliber. 

Guns are bored out of the solid reversely from the hollow 
method, 'fhe piece a (pL XXL) is placed upon two standards 
BB, by means of two journeys, turned round by a water-wheel ; 
the breech i> being introduced into the central line of the wheel, 
with the muzzle towards the sliding carriage e, which is pressed 
forwards by a ratch and weights in the same way as the gun- 
carriage was in hollow-boring. Upon this sliding carriage is 
fixed, truly horizontal and central to the gun, the drill-bar g, 
to the end of which is fixed a carp*’s tongue drill or cutter h ; 
which, being pressed forward upon tbepiece whilst it is turning 
round, perforates the bore, which is afterwards finished with 
bars and cutters as the hollow guns were. 

The machinery for boring of ordnance is sometimes put in 
motion by a steam-engine : and in this way, from 18 to £4 great 
guns have been boring at the same time; the borer in each 
piece being brought up to its proper place in the gun, by a lever 
and weights. In this method of bringing up the borer the pres- 
sure may always be made equable, and the motion of the borer 
regular; but tne disadvantage is, that without due attention the 
borer may workup too far towards the breech, and the piece be 
spoiled. In the Soyal Arsenal at Woolwich, only one piece is 
bored at a time in the same mill : the gun to be bored lies with its 
axis parallel to the horizon, and in that position is turned round 
its axis by means of wheel-work, moved by one or more horses. 
The borer is laid as above described, in the direction of the axis 
of the gun, and is incapable of motion in any direction except 
that of its length ; and in this direction it is constantly moved 
by means of a small rack-wheel, kept in proper motion by two 
men, who thus make the point of the borer so to bear against 
the part of the gun that is boring, as to pierce and cut it. The 
outside of the gun is smoothed at the same time by men with 
instruments fit for the purpose, whilst it turns round, so that 
the bore may be exactly in the centre of the metal. 
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111 this way the boriog is performed with great oicety, the 
guns scarcely ever failing in the examination. But in these mills 
the horses work to great disadvantage, the diameters of the 
walks in which they more being far too small. See the intro- 
ductory part of this volume, art. Id. 

PARALLEL motion, is a term used among practical 
mechanics to denote the rectilinear motion of a piston rod, &€. 
in the direction of its length : and contrivances by which such 
alternate rectilinear motions are converted into rotatory ones, 
and in pumps, steam-engines, saw-mills, &c. are 

usually called contrivances for parallel motions. 

In mo tions of this kind it is generally thought a desirable thing 
to give the piston-rod, the saw, or the like, a uniform velocity 
through the whole of its progress; then to bring it at once to rest, 
again to give it instantaneously a finite velocity in the opposite 
direction, and so on. But this seems impossible in nature; all 
changes of motion which we observe are gradual, because all 
impelling bodies have some elasticity or softness by which they 
yield to compression: and in the way in which pistons are 
commonly moved, viz. by cranks or something analogous to 
them, the motion is very se^isibly gradual. Hence, it may be ob- 
served that most attempts to correct these inequalities in motion 
are misplaced; and if they could be accomplished would greatly 
injure the pump or other machine. One of the best methods of 
producing this effect is to make the piston-rod consist of two 
parallel bars, having teeth in the sides which front each other* 
Let a toothed wheel be placed between them, having only the 
half of its circumference furnished with teeth. It is evident, 
without any further description, that if this wheel be turned 
uniformly round its axis, the piston-rod will be moved uniformly 
up and down without intermission. This has often been put 
in practice, and the piston-rod made to work between grooved 
rollers; but the machine always went by jolts, and seldom 
lasted a few days. Unskilled mechanists attributed this to de^ 
feet in the execution : but the fault is essential, and lies in the 
principle. The machine could not perform one stroke if the 
first mover did not slacken a little, or the different parts of the 
machine did not yield by bending, or by compression ; and no 
strength of materials could withstand the violence of the strains 
at every reciprocation of the motion. This is chiefly experi- 
enced in great works which are put in motion by a water-wheel, 
or some other equal power exerted on the mass of matter of 
which the muebine consists. The water-wheel being of great 
weight moves with considerable steadiness or uniformity ; and 
when an additional i*esistance is opposed to it by the beginning 
of ’a new stroke of the piston, its great quantity of motion is but 
I ■ ' ■■ ' ' , ' ■ ' ' 
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little affectal by this addition, and it proceeds very little retard- 
ed ; and the machine must either yield a little by bending and 
compression, or go to pieces, which is the common event* 
Cranks are free from this inconvenience, because they acce- 
lerate the piston gradually, and bring it gradually to rest, while 
the water-wheel moves round with almost perfect uniformity* 
The only inconvenience (and it may be considerable) attend- 
ing this slow motion of a piston at the beginning of its stroke 
is, that the valves do not shut with rapidity, so that some water 
gets back through them. But when they are properly formed 
and loaded, this is but trifling. 

It would seem, then, that those contrivances in which the 
piston-rod communicates the rotatory motion by means of a 
crank, or something similar in its effect, are most fit to be 
adopted in practice; and that the attempts of mechanists in 
this point of view may in all probability be properly restrained 
to the methods of keeping the piston-rod, &c. from deviating 
to any side, during its alternate motion. Two or three of the 
best methods of performing this, with which we are acquainted, 
are the following. 

1. Let a fixed circular ring whose diameter is equal to the 
stroke of the piston have teeth all round the interior part of its 
circumference; and let a smaller wheel, whose diameter is only 
half that of the ring, have equal teeth on the exterior part of its 
rim, to play into the teeth of the ring : let the axis of the wheel 
to which the rotatory motion is to be communicated passthrough 
the centre of tiie larger ring ; and let a moveable bar join the 
centre of this ring to that of the smaller wheel. Then, if the 
upper extremity of the piston-rod be attached to a pin fixed on 
tne rim of the inner wheel, at the place where the two wheels 
are in contact in their lowest point, and the rod be put into 
motion, it will cause the small wheel to revolve upon the inner 
part of the fixed ring, and by this means give the proposed 
rotatory motion to the axis passing through the centre of the 
ring. At the same time the extremity of the piston-rod will be 
confined to move in the vertical diameter of the ring : because 
it is made to describe an epicycloid of that kind which is formed 
by a circle rolling along the inside of another circle of double 
diameter; in which case, it is well known, the epicycloid be- 
comes a diameter of the larger circle, and the smaller circle 
makes two complete revolutipns while it is moving from any 
one point of the larger circle to the same point again. 

This contrivance was devised, we believe, by Mr. White, an 
Anglo- American. It is almost unnecessary to observe that the 
converse is equally applicable In the conversion of a rotatory 
into a paraliel motion. 
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Another method is represented in figure 10. pi. XX III. 
where the piston-rod is kept from deviation, a is the cylinder^ 
B the piston, c the piston-rod, d the crank, and e the connect- 
ing rod of the crank and piston rod* When the piston is at 
the craiik'is at ; wdien tfse piston is at B, the crank is either at 
or b; and when the piston is at the crank is atj^: so that 
when the motion of the crank is uniform that of the piston is 
variable. The rod h equal in length to the crank n moves 
about the centre r, and is joined to one end of the rod i, to the 
other end of which is connected the socket l that receives the 
top end of the piston-rod. A certain point m is taken at plea- 
sure in the rod i, to carry a short axle for the rods k, which are 
broken in the figure to show the socket l. To find the centre 
of motion of the rods K, move the end l of the rod i up and 
down in the vertical line c/h, and mark three positions ^i, r, 
of the point m on that rod : describe a circle to pass through 
those three points ; its radius will be equal to the length of the 
rods K, and its centre will be the point where those rods must 
be fixed to a bolt or axle in the framing. This contrivance 
causes the top of the piston-rod to move from p by l to o, and 
back again by l to jp ; and the dotted lines show the position of 
the several rods at the extremities of the motion. 

In fig. 11. pL XX III. we have given a horizontal section, to 
show the connexion of h, i, k, &c. pointing out in what \yay 
I grasps L, and e both. The inequality of the piston’s motion 
will be reduced by making the connecting rod e as long as cir- 
cumstances will permit. 

If the rod i were extended to the left of the point p, the 
same kind of apparatus would become a lever with a moveable 
fulcrum, by means of which a weight might be raised in a ver- 
tical line from to o ; or a pump piston-rod worked without 
deviation. 

This construction is described in a porismatic form, by Pro- 
fessor Playfair, in his Outlines of Xat. Philosophy, voL i. art. 
355. See also pL XXXlXv fig. B* 

S. A third method is exhibited in fig. 8. pi XX HI. where 
there are three rods a, b, and c, besides the conned ing rod d. 
The rods a and c are of equal lengths, and the connecting rod 
is attached to the middle point of the rod b. The guides a, and 
c, are fixed at their ends e, and f, by bolts to the framing. 
Thus the point b, to which is fixed the top of the piston-rod, is 
made to move in the right line ^b 5' ; and the dotted lines show 
the positions of the rods at the extremities of the stroke. Fig, 
7. shows in wlmt way the piston-rod r and connecting i*od d 
might be joined to the guides b and c. 
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This method and the preceding were devised by Mr* William 
Dryden: a mechanic whose ingenuity needs not our encomium* 

4* Another method is shown in fig. 12, pL XXIIL a and b 
are two bolts in the framing at equal distances on opposite sides 
of the vertical line in which the piston is to move, ac, bd, 
two bars of equal length, each equal to about half the distance 
AB. cLj DL, two other equal bars, rather more than double 
the length of the former, moving freely on joints at c and i>. 
At L is a socket, as in fig. 10* to receive the top of the piston- 
rod, and to which the bars cl, bl, and the connecting rod e, 
are attached. By this contrivance it is obvious, that as the 
rods Bc, BD, turn upon the centres a, b, in contrary directions, 
the piston-rod will be made to move in the right line pm 
without deviation ; mm being the length of the stroke. The 
relative lengths of the bars ac, cb, may be varied at pleasure : 
but those we have mentioned will be found as well as any in 
practice. 

5, A piston-rod may also be kept from deviating to either 
side, while it gives motion to a crank, and mce versa^ thus: 
place a cross-bar at a distance from the end of the cylinder ra- 
ther greater than the stroke of the piston, and make the piston- 
rod play in a hole made in this cross-bar ; let an axle be fixed 
to a proper point of the piston-rod between the end of the 
cylinder and the cross-bar, and from this axle let two equal 
connecting rods pass to the crank, one on each side the cross- 
bar : by this simple contrivance the alternating and circular 
motions may be communicated to the different parts of the 
machine wdth great facility. 

6. A rectilinear vei*tical motion may, again, be produced thus. 
Two of the adjacent angles of a parallelogram are made to des- 
cribe concentric circles, so that the side between them passes 
through their centre, and one of the remaining angles describes 
another circle having its convexity opposed to that of the two 
former, then the fourth angle of the parallelogram will describe 
a line that differs insensibly from a straight line. This construc- 
tion is the invention of Mr. Watt, and now very common. 

PARCIEUX’S AREOMETER. See Vol. L art. 401, 409* 
PATERNOSTER-work. ^ee Hydraulic Enoi^m, 
No. 5. _ _ 

. PENDULUM, in mechanics, any heavy body, so suspended 
as that it may swing backwards and forwards, about some fixed 
point, by the force of gravity. 

These alternate ascents and descents of the pendulum are 
called its oscillations, or vibrations ; each complete oscillation 
being the descent from the higliest point on one side down to 
the lowest point of the arch, and so on up to the highest point 
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on the other side* The point round which the pendulum moves 
or vibrates is called its centre of motion, or point of suspension ; 
and a right line drawn through the centre of motion, parallel to 
the horizon, and perpendicular to the plane in which the pen- 
’ dulum moves, is called the axis of oscillation. There is also a 

certain point within every pendulum into which, if all the mat- 
ter that composes the pendulum were collected, or condensed as 
into a point, the times in which the vibrations w^ould be per- 
formed would not be altered by such condensation; and this 
point is called the centre of oscillation. The length of the pen- 
dulum is always estimated by the distance of this point below 
the centre of motion, being usually near the bottom of the 
pendulum ; but in a slender cylinder, or any other uniform prism 
or rod suspended at the top, it is at the distance of one-third 
from the bottom, or two-thirds below the centre of motion. 

The length of a pendulum, so measured to its centre of oscil- 
lation that it will perform each vibration in a second of time, 
thence called the second’s pendulum, has, in the latitude of 
( London, been generally taken at 39 or39-|- inches ; but by 

some very ingenious and accurate experiments, the late cele- 
I brated Mr. George Graham found the true length to be 3 9 

I inches, or 39 1. inches very nearly. 

I The length of the pendulum vibrating seconds at Paris was 

j found by Varin, Des Hays, De Glos, and Godin, to be 4401. 

lines ; by Picard 440 J lines ; and by Mairan 440 1-|- lines. 

In our first volume (book II. ch. ii.), where the theory of 
pendulums was laid down, we remarked that the length of the 
second pendulum was different in different parts of the earth. 
It would not be easy to exhibit a completely accurate theorem 
for the length of the pendulum at all places on the earth’s sur- 
face : but besides what is exhibited in art. 286, vol. I., the best 
and most simple with which we are acquainted was first given 
i by M r. Krafft in the new Petersburgh Memoirs, vol. vii. It is 

this ; if a: be the length of a pendulum that swings seconds in 
any given latitude T, and in a temperature of 10 degrees of 
Reaumur’s thermometer, then will the length of that pendulum, 
for that latitude, be thus expressed, viz. 

X (439’ 178 + 2*321 sin'J) lines of a French foot. 

And this expression agrees very nearly, not only with all the 
experiments made on the pendulum in Russia, but also with 
those of Mr. Graham, and those of Mr, Lyons in 79^ 50^ north 
^ latitude, where he founcl its 211*38 lines: nor 

does it differ more from the recent experiments than may be 
fairly imputed to the effects of irregular density near the eartiris 
surface. 

Since metals expand by heat and contract by cold, pendu- 
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lumsj which are constituted chiefly of metal, must be subject to 
variations in consequence of such expansion and contraction ; 
and various are the contrivances wdiich have been devised to 
correct the errors in the estimates of time which have been thus 
produced : a few of these will here be described. 

The vulgar method of remedying the inconvenience arising 
from the extension and contraction of the rods of comoioii 
pendulums is by applying the bob, or small ball, with a screw, 
at the lower end ; by which means the pendulum is at any 
time made longer or shorter, as the ball is screwed downwards 
or upwards; and thus the time of its vibration is kept continu- 
ally the same. 

The gridiron pendulum was the invention of Mr. John 
Harrison, a very ingenious artist, and celebrated for his inven- 
tion of the watch for finding the diflPerence of longitude at sea, 
about the year and of several other time-keepers and 

watches since that time ; for all which he received the parlia- 
mentary reward of between £0 and $0 thousand pounds. It 
consists of o rods of steel, and 4 of brass, placed in an alternate 
order; the middle rod being of steel, by which the pendulum 
ball is suspended : these rods of brass and steel, thus placed in 
an alternate order, and so connected with each other at their 
ends, that while the expansion of the steel rods has a tendency 
to lengthen the pendulum, the expansion of the brass rods, 
acting upwards, tends to shorten it. And thus, when the lengths 
of the brass and steel rods are duly proportioned, their expan- 
sions and contractions will exactly balance and correct each 
other, and so preserve the pendulum invariably of the same 
length. The simplicity of this ingenious contrivance is much 
in its favour; and the difficulty of adjustment seems the only 
objection to it. 

Mr. Harrison, in his first machine for measuring time at sea, 
applied this combination of wires of brass and steel, to pre- 
vent any alterations by heat or cold; and in the machines 
or clocKS he has made for this purpose, a like method of 
guarding against the irregularities arising from this cause is 
used. 

The principal objections to this mode of compensation are, 
1st. The difficulty of exactly adjusting the lengths of the rods. 
2clly. Of proportioning their thickness, so that they shall all 
begin to expand or contract at the same instant. Odly, The 
connecting bars of a pendulum thus constructed ai*e apt to move 
by starts, fthly. This kind of pendulum is more exposed to 
the air's resistance than a simple pendulum. 

Another excellent contrivance for the same purpose is de- 
scribed by M. Thiout, a French author on clock-making. It 
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was used in the north of England by an ingenious artist about 
60 years ago. This invention is as follows : a bar of the same 
metal with the rod of the pend ulum, and of the same dimen- 
sionsj is placed against tlie back part of the clock-case : from 
the top of this a part projects, to which the upper part of the 
pendulum is connected by two fine pliable chains or silken 
strings, which just below pass betw’een two plates of brass, 
whose lower edges will always terminate the length of the pen- 
dulum at the upper end. These plates are supported on a 
pedestal fixed to the back of the case. The bar rests upon an 
immoveable base at the lower part of the case, and is inserted 
into a groove ; by which means it is always retained in the 
same position. Eroni this constriiction, it is evident that the 
extension or contraction of this bar, and of the rod of the 
peDduIum, will be equal, and in contrary directions. For, 
supposethe rod of the pendulum tobeexpanded any given quan- 
tity by heat ; then, as the lower end of the bar rests upon a fixed 
point, the bar will be expanded upwards, and raise the upper 
end of the pendulum just as much as its length was increased ; 
and hence its length below the plates will be the same as before. 

In Voigfs Magazin flier den nevesten Zustande de Ka- 
turkiinde, vol. iv. are described the gridiron pendulums of Mr, 
Benzenberg, which are composed of lead and iron. M r. B was 
induced to employ lead on account of its great dilatability, which 
is to iron as 2\57 to I , so that 16*-5 inches of lead compensate 
1*3 of iron; and he chose iron in preference to steel, because 
easier to wmrk. The compensation was made by a single rod 
in the centre, 16 1 inches long, French measure, and half an 
inch thick. It as simply pinnedinto gorges in the cross-piece of 
copper ; but the other parts of the gridiron were riveted in the 
usual w^ay. The iron rods were made of the best thick iron wire. 

The materials of this pendulum are cheap, and it may be 
made in a couple of days. As the pressure takes place in a 
vertical direction, there is no danger, according to Mi’. B., of 
rods of these dimensions bending. 

To correct the compensation, the central rod of lead must be 
left so long that w^e may be sure the compensation is in excess. 
The quantity of error may then be found by the freezing appa- 
ratus, and how much it is requisite to cut from the rod may be 
calculated with the greatest exactness. 

The vnermrial pendulum was the invention of the ingenious 
Mr. Graham, in consequence of several experiments relating to 
the materials of which pendulums might be formed, in 1715. 
Its rod is made of brass, and branched towards its lower end, 
so as to embrace a cylindric glass vessel 13 or 1 4 inches long, 
and about 2 inches diameter; which being filled about 12 
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indies deep wit!i mercury, forms the weiglit or ball of the pen- 
dulum. If upon trial the expansion of the rod be found too 
great for that of the mercury, more mercury must be poured 
into the vessel : if the expansion of the nierciirjr exceeds that 
of the rod, so as to occasion the clock to go fast with heat, 
some mercury must be taken out of the vessel, so as to shorten 
the column. And thus may the expansion and contraction of 
the quicksilver in the glass be made exactly to balance the ex- 
pansion and contraction of the pendulum rod, so as to preserve 
the distance of the centre of oscillation from the point of 
suspension invariably the same. 

Mr Graham made a clock of ihis sort, and compared it with 
one of the best of ihecommonsort, for three years together; when 
he found the errors of his but about one eigluh part of those of 
the latter, Philos* Trans. No. 392. 

The only defect we have ever heard ascribed to this pendu- 
lum, is that the expansion of the mercury commences sooner 
tliau that of the rod; but, after all, there are many strong 
proofs of its practical excellence. Mr. F. Baily has recently 
recommended the mercurial pendulum, and greatly improved 
its construction, in an elaborate paper published in vol. I. of 
the Transactions of the Astronomical Society of London. 

The Zewr PENDULUM. From all that appears concerning 
this construction of a pendulum, w^e are inclined to believe that 
the idea of making the difference of the expansion of different 
metals operate by means of a lever originated witliMr. G raham, 
who in the year 1737 constructed a pendulum, having its rod 
composed of one bar of steel betw'een two of brass, which acted 
upon the short end of a lever, to the other end of which the 
ball or weight of the pendulum was suspended. 

This pendulum however was, upon trial, found to move by 
jerks ; and therefore laid aside by the inventor, to make w^ay for 
the mercurial pendulum, just mentioned. 

Mr. Short informs us in the Philos. Trans. voL 47, art. 88, 
that a Mr. Fotheringham, a quaker in LincolBshire, caused a 
pendulum of this kind to be made : it consisted of two bars, one 
of brass, and the other of steel, fastened together by screw's, 
with levers to raise or let down the bulb ; above which these 
levers were placed. M* Cassini too, in the History of the Royal 
Academy of Sciences at Paris, for 1741, describes two sorts of 
^ pendulums for clocks, compounded ofbars of brass and steel; and 
in which be applies a lever to raise or let down the bulb of the 
pendulum, by the expansion or contraction of the bar of brass. 

Mr. John Ellicott also, in the year 1 738, constructed a pen- 
dulum on the same principle, but differing from Mr. Graham’s 
in many particulars. The rod of Mr. EUicotfs pendulum was 
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composed of two bars only ; the ooe of brass md the other of 
steel. It had two levers, each sustaining its half of the ball or 
weight ; with a spring under the lower part of the bail to relieve 
the levers from a considerable part of its weight, and so to ren- 
der their motion more smooth and easy. The one lever in Mr. 
Graham’s construction was above the ball : whereas both the 
levers in I^Ir. Ellicott’s were within the ball ; and each lever 
had an adjusting screw, to lengthen or shorten the lever, so as 
to render the adjustment the more perfect. See the Philos. 
Trans. voL 47 , p- 479 ; where Mr. Lllicotfs methods of con^ 
struction are described, and illustrated by figures. 

Notwithstanding the great ingenuity displayed by these emi- 
nent artists on this construction, it must further be observed, 
in the history of improvements of this nature, that Mr. Gum- 
ming, another eminent artist, has given, in his Essays on the 
Principles of Clock and Watch-work, Loud . 1766, an ample 
description, with plates, of a construction of a pendulum with 
levers, in which it seems be has united the properties of Mr. 
Graham's and 2di\ EHicott’s, without being liable to any of the 
defects of either. The rod of this pendulum is composed of 
one flat bar of brass, and two of steal : he uses three levers 
within the ball of the peiidiiliim ; and, among many other in- 
genious contrivances, for the more accurate adjusting of this 
pendulum to mean time, it is provided with a small ball and 
screw below the principal bailor weight, one entire revolution 
of which on its screw will only alter the rate of the clocks 
going one second per day ; and its circumference is divided into 
30 , one of which divisions will therefore alter its rate of going 
one second in a month. 

Mr. Edward Troughtoii has lately invented a pen- 

dulum, which acts on the principle of the gridiron pendulum : 
in this construction the apparent rod is a tube of brass reaching 
from the bob nearly to the top ; this contains another tube and 
five wires in its belly, so disposed as to produce altogether (like 
the nine-bar gridiron of Harrison) three expansions of steel 
downwards, and two of brass upwards ; whose lengths being 
inversely proportioned to their dilatation, when properly com- 
bined, destroy tiie whole effect that either metal would have 
singly. The small visible part of the rod near the top is a brass 
tube, whose use is to cover the upper end of the middle wire, 
which is single, and otherwise unsupported. Drawings of this 
pendulum may be seen in Nicbolsoifs Journal, No. 36 . N S. 

For another ingenious compensation pendulum of steel and 
zinc, by Mr. Adam Reid, we refer to the article Pendulum in 
the Pantologia, and to my Mathematics Jhr Fractkal Meii. 

After all, so long as the vibration of pendulums is performed 
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in a medium of varying density, we must not look for an accu- 
rate time-piece for ascertaining the longitude, &c. ; unless a 
self-correcting mercurial pendulum could be contrived, adapted 
to counteract the smallest variations effected by the ambient 
air. The errors of a time-piece are but half corrected by the 
fabrication of pendulums adapted to obviate the expansion of 
metals by increase of temperature, if the works themselves still 
remain constructed of such expansible materials. A correct 
time-piece, therefore, will be that of which not only the works 
and pendulum are constructed of the least expansible materials, 
but the pendulum itself shall vibrate in a medium of unaltera- 
ble density ; a desideratum only to be obtaintd by causing the 
vibrations lo be performed in vaa40^ or by a seif-correcting 
pendulum, as above alluded to. Mr. G. J. Wright, of Ken- 
nington, who has some observations on this subject in Tilloch s 
Philosophical Magazine, No. 57. says the best substance to 
compose the works of a correct time-keeper is ivory, or the 
horn of the narwhal or sea unicorn (wliich is almost entirely 
composed of enamel) ; especially if any means w'ere known of 
increasing Its hardness so as to vie with the metals. 

The most general remedy against the chief inconveniences 
of pendulums, is to make them hng, to vibrate in small arcs, 
and to have the bobs as ponderous as is consistent with the 
structure of the machine. In those cases w’hereit is wished to 
increase the time of vibration without increasing the length of 
the pendulum, recourse may be had to the angular pendulum, 
the theory of which has been given in art. 311, voL I.; or to 
the pendulum formed of a slender cylinder with a ball at each 
end, and a contrivance for a moveable centre of motion, as 
already explained in the same article of the first volume. Akin 
to this is the contrivance described by M. Prony, at p. 229, 
Commhsance des Tem^ pmir Van 1817. 

Hvdraulk Pendulum, a simple contrivance by which the 
rectilinear motion of flowing water is made to communicate 
an alternating motion. 

The hydraulic pendulum of Perrault (pk XXXVIII. fig. 
4a and supp, u) is a chest or cask abcd moveable on two pi- 
vots and divided into two parts by the partition CB. When 
the bottom ab of this vessel is horizontal, the water from the 
■source m falls on c the middle of the partition. Immediately 
it becomes inclined, the water falls into the part, such as b, 
elevated above the horizon ; this part of the vessel increases in 
weight in proportion as it fills with water ; when it is full the 
entire vessel turns on its axis, and the water from the source 
falls in the part ac of the vessel, wdiich in consequence filling 
upy the weight causes Jt lo oscillate: this oscillatory motion 



I will be common to a pendulum bar, or to any Oilier body at« 

lached to tlie double vessel 

In the hydraulic pendulum of M. Boitias (pL XXXVIII. 
%. 4 e), there is placed at the inferior extremity of a pendulum 
a very large float-board, moveable on pivots which turn on the 
parallel branches of a frame fixed to the pendulum. This float- 
board will assume alternately the vertical and the horizontal 
position. In the first it plunges into the stream and receives 
the impulsion of the water; the float-board moves with the 
penduium, and having reached the lowest point of its oscilla- 
tion, a counterweight causes it to turn on its pivot and gives it 
the horizontal position: then the pendulum, the weight of 
which is no longer counterbalanced by the action of the water, 

^ takes as well as the float-board the horizontal position, and 

, commences a new oscillation. Instead of employing a coun- 

I terweight to open and shut the float-board, there may be em- 

ployed two cords attached to fixed points and to thefloat- board ; 

I these threads stretched by the pendulum will draw the float- 

I board at the beginning and end of the oscillation, and cause 

I it to assume successively its horizontal and vertical positions. 

The hydraulic pendulum does not, like the common pendulum, 
oscillate on both sides of the vertical, but simply on one. ^ It 
moves on towards that side to which it is impelled by the motion 
of the water, till, reaching the highest point of its oscillation, 
the float' board opens, and the whole is brought back by its own 
weight to the vertical position ; in that position the float-board 
again closes the frame, and the impulsion of the water upon it 
causes it to oscillate again. And so on. 

PENSTOCK is a sluice or floodgate, serving to retain or 
let go at pleasure the water of a mill-pond. The following is 
a description of a pentrough and stock for equalising the water 
falling on water-wheels, by George Quayle, esq. 

^ To insure a regular supply of water on the wheel, and to ob- 

j viate the inconveniences arising from the usual mode of deliver- 

ing it from the bottom of the pentrough, this method is devised 
? of regulating the quantity delivered by a float, and taking the 

whole of the water from the surface. 

Section of the pentrough. (Plate XVl. fig* 4.) a, the en- 
trance of the water, b, the float, having a circular aperture in 
j the centre: in which is suspended c, a cylinder, running down 

I in the case e below the bottom of the pentrough. This is 

made w^ater tight at the bottom of the pentrough at f, by a 
; leather collar placed between two plates, and screwed down to 

the bottom. 

The cylinder is secured to the float so as to follow its rise and 
fall ; and the water is admitted into it through the opening in 
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its sides, and there, passing through the box or case j?:, rises and 
issues at g on the wheel* By this means, a uniform quantity of 
water is obtained at g ; which quantity can be increased or cUdu- 
nished by the assistance of a small rack and pinion attached to 
the cylinder, wdiich will raise or depress the cylinder above or 
under the water line of the float; and, by raising it up to the 
top, it stops the water entirely, and answt rs the purpose of the 
common shuttle. This pinion is turned by the handle ii, si- 
milar to a winch-handle ; and is secured from running down 
by a ratchet-wheel at the opposite end of the pinion axis. 

K and L are two upright rods to preserve the perpendicular 
rise and sinking of the float, running through the float, and se- 
cured at the top by brackets from the sides. 

Bi, a board let down across the pentrough nearly to the 
bottom, to prevent the horizontal impulse of the w’ater From dis- 
turbing the float. 

Fig. D. A transverse section, showing the mode of fixing the 
rack and pinion, and their supports, on the float. The rack is 
inserted into a piece of metal running across the cylinder near 
the top. Tiiat the water may pass more freely when nearly 
exhausted, the bottom of the cylinder is not a plane, but is cut 
away so as to leave two feet, as at c, fig. 4. I'lie float is also 
kept from lying on the penfrough bottom by four small feet; so 
that the w-ater gets under it regularly from tlie first. 

Fig. 6. An enlarged view of the cylinder, sliowing the rack 
and ratchet-wheel, with the click, and one of the openings on 
the side of the cylinder : the winch or handle being on the op- 
posite side, and the pinion, by which the rack is raised, inclosed 
in a box between them. (1 ransactions of the Society of Art?, 
vol XL A.D. 1193.) 

PEIISIAN-WHEEL. See Hydraulic E7}gines. No. 4. 

PILE-ENGINE, a machine by which piles are driven into 
the earth for the foundations of piers and other structures. 

In pile-engines the contrivance consists in drawing up a great 
weight, called a ram or hammer, to a moderate height, and then 
letting it fall freely with a considerable momentum upon tlie 
head of the pile. In the most simple pile engines the ram is 
drawn up by men pulling at a cord running over a fixed pulley, 
and suflering the cord to slip from their hands when the weight 
is sufficiently elevated. Among more complex engines, the 
best we have seen are those invented by Mr. AAauloue and by 
Mr* S. Bunce. 

B^mri^^^Vauhue^s pile-engine. (See pi XXII.) a is 
a great upright shaft or axle, on which are the great wheel b 
and the drum e, turned by horses joined to the bars s, s. 
1 he wheel b turns the trundle x, on the top of whose axis is 
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tlie fly o, which serves to regulate the motion, as ^^ellas to act 
against the horses, and to keep them from falling when the 
heavy ram a is discharged to drive the pile p down into the 
mud in the bottom of the river* The drum c is loose upon 
the shaft a, but is locked to the wheel b by the bolt v. On 
this drum the great rope hh is wound; one end of the rope 
being fixed to the drum and the other to the follow'er o, to 
which it is conveyed by the pulleys i and k. In the folIower G- 
is contained ^ tongs f, that take hold of the ram by the 
staple E for drawing it up. d is a spiral or fusee fixed to the 
drum, on which is wound the small rope t that goes over the 
pulley u, under the pulley v, and is fastened to the top of the 
Imme at 7. To the pulley-block v is hung the counterpoise w, 

I which hinders the follower g from accelerating as it goes down 

I to take hold of the ram ; for as the follower tends to acquire 

I velocity in its descent, the line T winds downwards upon the 

i fusee on a larger and larger radius, by which means the couti- 

; terpoise w acts stronger and stronger against it ; and so allows 

it to come down with only a moderate and uniform velocity, 
i The bolt Y locks the drum to the great wheel, being pushed 

upw^ard by the smaller lever 2, which goes through a mortise 
in the shaft a, turns upon a pin in the bar S, fixed to the great 
wheel B, and has a weight 4, which always tends to push up the 
bolt Y through the wheel into the drum, l is the great lever 
turning on the axis wi, and resting upon the forcing bar 5, 5, 
which goes through a hollow in the shaft a, and bears up the 
little lever 2. 

By the horses going round, the great rope h is wound 
about the drum c, and the ram g is drawn up by the tongs p 
in the follower g, until the tongs come between the inclined 
planes e; which by shutting the tongs at the top, opens it at 
the foot, and discharges the ram, which falls down between 
the guides upon the pile, p, and drives it by a few strokes 
as far into the mud as it will go ; after which, the top part is 
sawed off* close to the mud by an engine for that purpose. 
I mmediately after the ram is discharged, the piece 6 upon the 
follow’^er G takes hold of the ropes aa^ which raise the end of 
the lever r, and causes its end n to descend and press down 
the forciog bar 5 upon the little lever 2, which by pulling down 
the bolt Y, unlocks the drum c from the great wheel b; and 
then, the follower being at liberty, comes down by its own w^ei ght 
" ; and the lower ends of the tongs slip over the sta- 

ple K, and the weight of their heads causes them to fall outward 
and shut upon it. Then the weight 4 pushes up the bolt y 
into the drum, which locks it to the great wheel, and so the 
ram is drawn up as before. 
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As the follower comes down, it causes the drum to turn 
backward, and unwinds the rope from it, whilst the horses, 
great wheel, trundle, and fly, go on with an uninterrupted 
motion ; and as the drum is turned backward, the counterpoise 
w is drawn up, and its rope t w'ound upon the spiral fusee u. 

I'here are several holes in the under side of the drum, and 
the bolt Y always takes the first of them that it finds, when the 
drum stops by the falling of the follower upon the rani ; until 
which stoppage the bolt has not time to slip into any of the 
holes. 

The peculiar advantages of this engine are, that the w'cigbt 
cared the ram, or hammer, maybe raised witii the least force ; 
that, when it is raised to a proper height, it readily disengages 
itself and falls with the utmost freedom ; that the forceps or 
tongs are lowered down speedily, and instantly of themselves 
again lay hold of the rani and lift it up. 

This engine was placed upon a barge on the water, and so 
was easily conveyed to any place desired. Tlie ram was a ton 
weight; and the guides by which it w’as let fall, were SO 
feet high. 

DescrrpiifM of Btincis Pik^engine. 

Fig. 1 and 2. plate XXII. represent a side and front section 
of the machmev The chief parts are, a, fig, L which are two 
endless ropes or chains, connected by cross pieces of iron, b 
( fig. 2). corresponding with two cross grooves cut diametrical- 
ly opposite in the wheel c (fig. 1.}, into which they are received ; 
and by which means the rope or chain a is carried round, jfhk; 
is a Side-view of a strong wooden frame moveable on the axis 
H. D is a wheel, over which the chain passes and turns within 
at the tnp of the frame. It moves occasionally from f to o 
upon the centre h, and is kept in the position f by the w’eight 
3 fixed to the end k. In fig. 3. l is the iron ram, which is con- 
nected with the cross pieces by the hook m. h is a cylindrical 
j)iece of wood suspended at the book at o, which, by sliding 
freely up the bar that connects the hook to the ram, always 
brings the hook upright upon the chain when at the bottom of 
the machine, in the position of gp. See fig. 1. 

When the man at s turns the usual crane-work, the ram being 
connected to the chain and passing between the guides, is drawn 
up in a perpendicular direction; and when it is near the top 
of the machine, the projecting bar g of the hook strikes against 
a cross piece of wood at e (fig. 1.), and consecjuently discharges 
the ram ; ‘while the weight i of the moveable frame instantly 
draws the upper wheel into the position shown at f, and keeps 
the chain free of the ram in its descent. The hook, while de- 
scending, is prevented from catching the chain by the wooden 
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piece N : for tliat piece being specificalfy ligfjter than the iron 
weight below, and moving with a less degree of velocity, cannot 
come into contact with the iron till it is at the bottom and the 
ram stops, it then fells, and again connects the hook with the 
chain, which draws up the ram as before. 

In this machine, as well as Vauloue’s, the motion of the first 
wheel is uninterrupted, so that very little time is lost in the 
operation : with a slight alteration it might be made to work 
with horses. It has the advantage over Vaoloue’s engine in 
point of simplicity ; it may be originally constructed at less ex- 
pense, and is not so liable to be deranged. Both, however, 
are ingenious performances, and part of their construction 
might be advantageously introduced into other macbines.^ 

PIPES, for conveying of water, for pumps, water engines, 
&c. are usually of lead, iron, earth, or wood : the latter are 
usually made of oak or elder. Those of iron are cast in forges ; 
their usual length is from six to eight feet ; several of these are 
commonly fastened together by means of four screws at each 
end, with leather or old hat betw^een them, to stop the water. 
Those of earth are made by the potters ; these are fitted into 
one anot)ier, one end being always made wider than the other. 
To join them the closer and prevent their breaking, they are 
covered with tow and pitch : their length is usually about that 
of the iron pipes. The wooden pipes are trees bored with 
large iron augers of different sizes, beginning with a less, and 
then proceeding with a larger successively ; the first being 
pointed, the rest being formed like spoons, increasing in dia- 
meter from one to six inches or more : the pipes are fitted into 
the extremities of each other (as represented in pi. XXI L fig. 
1 .), and are sold by the foot. 

Wooden pipes are bored either by a borer advancing hori- 
zontally while the wood to be pierced is turned I'oiind, in some 
such manner as in boring of ordnance; or, by causing the 
timber to be gradually advanced, while the borer turns round : 
the latter method is the most common. The apparatus most 
frequently adopted, when the first mover is a stream of water, 
is that invented by M, Morel, and described by Belidor (Archi- 
tecture Hydraiilique, tom. I.) This machinery is represented 
at pi. X X 11 . fig. 1. where the vertical wheel a is put into mo- 
tion by water descending upon it through a trough or sloping 
canal : upon the horizontal axle of this wheel is a cog-wheel b, 
which gives motion to the lanterns c, b, the common axis of 
these lanterns being in a vertical position. The lantern b turns 
at the same time two cog-wheels e and f; the first, e, which 
is vertical, turns the auger that boi'es the wood : and the se- 
cond, f, which is horizontal, has attached to it by a pin which 
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is at a small distance from its centre, a lever or arm h, witli a 
hook at its end, taking into the indentations of one of the wheels 
of the carriage that carries the wood to be bored. Another 
lever, i, hanging upon the former, is prevented from falling by 
a spring, and pushes by its extremity against the notches of the 
lower end of the same wheel. Thus, as the cog-wheel turns 
round, the carriage-wheel is first pulled forward by the hook 
and lever h, and then pushed backward as far by the arm i ; 
by this means causing a pinion upon the axle of the carriage- 
wheel to advance the rackwork above it, together with the timber 
to be borai : so that the timber is advanced by a slight reci- 

i jrocating motion of the carriage. The auger, being general- 
y some feet in length, plays in holes in two pieces l, l, which 
retain it in its horizontal position ; and thus it forms a cylin- 
drical cavity in the w^ood, as required. 

For an account of the ingenious method of boring stone pipes 
employed at the Fox-Hill Quarry, in Gloucestershire, see the 
article pipe in the Pantologia. 

PLANET WHEELS are wheels by whose mutual connexion 
a variable angular motion, such as that of the radius vector of a 
planet in its orbit, may be exhibited. The common contrivance 
now in use for this purpose was invented, we think, by Desa- 

f uliers : it consists of two elliptical wheels connectea either 
y teeth running into each other, or by a band ; these wheels 
revolve on their focii and while the driving ellipses move uni- 
formly, the radius vector of the other has the required motion. 

A much older, and at the same time^far better, method than 
that of Desaguliers, is described in the first volume of the 
Eecueil des Machines et Inventions approuvees par FAcad. 
Roy. des Sci. 16*99 : it was the invention of M. Jdl de Dijon, 
The following account of this method is translated from the 
woik just mentioned. 

If it be desired to move a wheel of 24 teeth by a pinion of 
6, in such a manner that in some parts of its revolution it shall 
move as swiftly as if it had but twelve teeth, and in other parts 
as slowly as if it had 48 teeth, the method of accomplishing this 
is as follow’s : 

L Describe the rectangle (fig. 1. pi. XXIIl.) having 
its side no equal to the radii of the great wheel and the pinion 
taken together, and its breadth ln equal to their thickness ; 
which last be greater the more considerable the inequality 
of the propc^ed movement Let no be so divided in g, that 
^ may be to aN as 6 to 48, that is to say, reciprocally as tlie 
velocity of the pinion to the greatest velocity of the wheel. Also 
divide lm in p in tlm proportion of 6 to J2, or reciprocally as 
the velocity of the pinion to the least velocity of the wheel. 
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Then join pq, and draw as many lines se parallel to lm, as 
there are intended to be teeth in the great wheels; upon which 
write the degrees of velocity they express, which are in the 
inverse ratio of their lengths. 

2. Let two truncated cones be formed in the lathe ; one 
equal to that which would be formed by the revolution of the 
trapezoid lpon about ln as an axis ; and the other equal to 
what w'ould be formed by the revolution of the trapezoid roMO 
about the axis mo. On the largest of these two cones let the 
circles generated by the revolution of the points p, t, q, be 
marked and distinguished by the same numeral figures as the 
corresponding parallels of the rectangle ^ Upon the two 
bases of the conic frustum describe radial lineSi, which shall 
make angles at the centre (fig. 3,) in the same proportion to 
each other as the intended velocities of the wheels as expressed 
in fig. 2. and let teeth be cut in the curve surface of the cone 
corresponding w^lth these lines : after this, look on the circles 
that express the different velocities, and have been traced on the 
same surface, to find what part of each tooth ought to remain 
opposite its corresponding radius, and cut or file the rest away. 
Thus will the teeth lie in an oblique or elliptical curve on the 
conical surface, as is exhibited in the figure by a darker shade. 
The pinion must be made of a regular conic shape, as is shown 
at MO in fig. 3. 

By this contrivance the largest or widest teeth will always 
meet the largest part of the pinion, and the narrowest will cor- 
respond with the smallest part: on which account^ though the 
motion of the pinion be uniform, the wheel will be carried un- 
cquably, according to the assigned law. 

In a similar manner may planet-wheels be described to ex- 
hibit any other proposed variation. 

PiiESS, a machine of wood, or iron, serving to squeeze any 
body very close. 

Presses usually consist of six pieces : two flat smooth planks, 
between which the things to be pressed are laid ; two screws or 
worms fastened to theiower plank, and passing through two 
holes in the upper ; and two nuts in form of an s, that serve to 
drive the upper plank, which is moveable, against the lower, 
which is fixed. See Bram M achine. 

B RmsES used Jbr expressing’ I^iquors are in most respects 
the same with the common pi^es, only the underplank is per- 
forated with a great number of holesfor the juice to run through. 
Others have only one screw, or arbor, passing through the 
middle of the moveable plank, which descends into a kind of 
square box fil l of holes, through which the juices flow as the 
arbor is turned. 
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Press used by Joimrs to keep close t!ie paonelsj he. of 
wainscot, consists of two screws, and two pieces of w^ood, four 
or five inches square, and two or three feet long, whereof the 
holes at two ends serve for nuts to the screws. 

Founders" press, is a strong square frame, consisting of four 
pieces of wood firmly joined together with tenons, &c. It is of 
various sizes : two of them are required to each mould at the 
two extremes whereof they are placed ; so as that, by driving 
wooden wedges between the mould and sides of the press, the 
two parts or the mould for the metal may be pressed close 
tc^ether* 

Press, binders" cuUlng*^^ is a machine used equally by book- 
binders, stationers, and pasteboard-makers ; consisting of two 
large pieces of wood in form of cheeks, connected by tw'o 
strong wooden screws; which, being turned by an iron bar, 
draw together, or set asunder, the cheeks, as much as is ne- 
cessary for the putting in the books or paper to be cut. The 
cheeks are placed lengthwise on a wooden stand in form of a 
chest, into which the cuttings fall. Aside of the cheeks are two 
pieces of wood of the same length with the screws, serving to 
direct the cheeks, and prevent their opening unequally. Upon 
the cheeks the plough moves, to which the cutting-knife is fast- 
ened by a screw ; which has its key, to dismount it, on occasion, 
to be sharpened. 

The plough consists of several parts; among the rest, a 
wooden screw or worm, which, catching within the nuts of the 
two feet that sustain it on the cheeks, brings tlie knife to the 
book or paper wliich is fastened in the press between two boards. 
This screws which is pretty long, has two directories, which 
resemble those of the screws of the press. To make the plougii 
slide square and even on the cheeks, so that the knife may make 
an equal paring, that foot of the plough where the knife is not 
fixed slides in a kind of groove, fastened along one of the 
cheeks. Lastly, the knife is a piece of steel, six or seven inches 
long, flat, thin, and sharp, terminating at one end in a point, 
like that of a sword, and at the other in a square form, which 
serves to fasten it to the plough. 

As the long knives used by us in the cutting of books or papers 
are apt to jump in the cutting thick books, the Dutch are said 
to use circular knives with an edge all round ; which not only 
cut more steadily, but last longer without grinding. 

Various other presses are used in different arts and manufac- 
tures ; but it does not seem necessary to give particular descrip- 
" tions of any others, except the press used in printing of books, 
and the roiling press used in copper-plate printing. 

The common PBiNTiNG-jprm represented in pi. XXIII. is 
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a cur Idas and rather complex machme* The body consists of 
two strong cheeks, ar, standing perpendicularly, and joined 
t<)gether by four cross pieces; the cap and the head c, which is 
moveable, being partly sustained by two iron pms or long screw-- 
bolts that pass the cap; the till or shelf dd, by which the 
spindle and its apparatus are kept in their proper position ; and 
the winter c, which bears the carriage, and sustains the effort of 
the press beneatli. '] he spindle y' is an upright piece of irou 
pointed with steel, having a male screw, w-hicn goes into the fe- 
male one in the head about four inches. Through the eye ^ of 
this spindle is fastened the bar il”, by which the pressman makes 
the impression. The spindle passes through a hole in the middle 
of the till; and its point works into a brass pan, or nut, supplied 
with oil, which is fixed to an iron plate let into the top of the 
platen. The body of the spindle is sustained in tlje centre of 
an open frame of polished iron, 1, 1, % 3, 3, fixed to it in. 

such a manner as, without obstructing its free play, to keep it in 
a steady direction ; and at the same time to serve for suspending 
the platen. This frame consists of two parts: the upper called 
the garter^ I j I ; the under called the cranes 2, 2. These are 
connected togetiier by two short legs or bolts, 3, 3 ; which 
being fixed below in the two ends of the crane, pass upward 
through two holes in the till, and are received at top into two 
eyes at the ends of the garter, where they are secured by screws, 
llie carriage ll is placed a foot below the platen, having its 
fore part supported by a prop called they^r^-^^a^, while the other 
rests on the winter. On this carriage, which sustains the plank, 
are nailed two long iron bars or ribs; and on the plank are 
nailed short pieces of iron or steel called cramp-irons 
tempered with the ribs, and w-hich slide upon them when the 
plank is turned in or out. Under the carriage is fixed a long 
piece of iron called the with a double wheel in the middle, 
round which leather girts are fastened, nailed to each end of the 
plaisk : and to the outside of the spit is fixed a rounce or 
handle, to turn round the wheel. Upon the plank is a square 
frame or coffin, in which is inclosed a polished stone, on which 
the form n is laid ; at the end of the coffin are three frames, viz. 
the two tympans and the frisket : the tynipans o are square, and 
made of three slips of very thin wood, and at the top a piece of 
iron still thinner; that called the outer tpmpan is fastened with 
hinges to the coffin : they are both covered with parchment ; 
and between the two are placed blankets, which are necessary 
to take off the impression of the letters upon the paper. The 
frisket p is a square frame of thin iron, fastened w-ith hinges to 
the tynipan : it is covered with paper cut in the necessary 
places, that the sheet, which is put between the frisket and the 
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gi'eat or outward tynipanj may receivetlie inlcs and that nothing 
may hurt the margins. To regulate the margins, a sheet of 
paper is fastened upon this tympan, which is called the ty^npan 
sheet ; and on each side is fixed an iron point, which makes two 
holes in the sheet, which is to be placed on the same points 
when the impression is to be made on the other side. In pre- 
paring the press for working, the parchment which covers the 
outer tympsn is wetted till it is very soft, in order to render the 
impression more equable ; the blankets are then put in, and 
secured from slipping by the inner tympan : then, while one 
pressman is beating the letter with the balls covered wdth ink 
taken ftom the ink block, the other person places a sheet of 
white paper on the tympan sheet; turns down the frisket upon 
it, to keep the paper clean and prevent its slipping ; then, bring- 
ing the tympans upon the form, and turning the rounce, he 
brings the form with the stone, Src. weighing about 300 lbs. 
weight, under the platen ; pulls with the bar, by which means 
the platen presses the blankets and paper close upon the letter, 
whereby half the form is printed ; then easing the bar, he draws 
the form still forward ; gives a second pull, and letting go the 
bar, turns back the form, takes up the tympans and frisket, 
takes out the printed sheet, and lays on a fresh one; and this is 
repeated till he has taken olF the iinpression upon the full num- 
ber of sheets the edition is to consist of. One side of the sheet 
being thus printed, the form for the other is laid upon the press, ^ 
and worked off in the same manner. 

For a minute description of the several parts of a common 
press, of the various implements employed in printing, and of 
Juord Stiinhope s improved press, the reader is referred to Mr. 
Stower'^s valuable work, The Printer s Grammar.^’ 

We must here say a little respecting the recent improve- 
ments in printing; though we have not room to present 
more than a very general account. For some time the 

Twies^^ newspaper has been entirely printed by machinery; 
that is to say, the forms, or pages, being composed and made 
up, in the usual manner, have been worked off by means 
of machinery, moved by a steam engine, instead of being 
printed at the common press. The paper, since this change in 
the mode of working, has not only been as well printed, but 
much better than before. The number that can be w^orked in 
one hour is stated at 1100. 

It is somewhat remarkable, that while this invention, which 
has taken a long time to perfect it, has been in progress, another, 
for the same object, was also carrying on by Mr. Paeon, of 
Norwich, and Mr* Donkin (engineer) of Bermondsey, which 
was set to w^ork within a day after the former. Mr. Bacon has 
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published a prospectus of the latter iBachinej to which is added 
the following notice : — Since this prospectus was printed, the 
machine lias been set to work on a French Testament in this 
city, for the British and Foreign Bible Society. It is w^orked 
by one man and two boys ; and we may venture to affirm, that, 
in the ordinary manner in which the London newspapers are 
printed, many more copies than the number stated by the Times 
could be taken off with the greatest ease. Dr. Milner, the 
Master of Queen's College, Mr. Wood, President of St, John's, 
and Mr. Kaye, since Master of Christ’s, as a deputation from 
the Syndics of the Press at Cambridge, have also inspected the 
machine, and have manifested, by their readiness to contract 
with the Patentees for its introduction at the University, all the 
zeal which might be expected in that body for the cause of 
literature and of the art.— These are the earliest patrons of the 
machine." 

As we cannot convey to our readers a full description of ' 
either of these machines, we must content ourselves with briefly 
stating their general principles. In that of the Times^ the forms 
are laid upon a travelling carriage, as in the common press, but 
having a range of such length that the form, by passing under a 
system of rollers, receives a charge of ink, and still going on, 
receives from another roller the sheet pressed dowmupon it, by 
passing under the roller : when through, the sheet is taken off; 
the form receives another charge of ink from rollers, and, on its 
return presents another sheet, which has, in the interim, been 
placed on the paper roller — and so alternately, in going and 
Q^etumibig, a sheet is printed. — In Messrs. Bacon and Donkin’s 
machine, there is no reciprocating motion. The types are 
placed on a prism of as many sides as the nature of the form 
requires. # This^m^ occupies the centre of an upright frame, 
like the rollers in a copperplate-press : below this is a kind of 
compound-faced I’oller, suited to the form of the prism : be- 
tween these, the sheets to be printed (attached to the face of a 
piece of cloth) are passed in succession; and, in the mean time, 
the revolution of the type-prism brings its different portions in 
succession under a system of inking-rollers placed over it, by 
which it receives charges of ink, to be delivered to the sheets 
as they pass in succession between the low’er rollers. 

The press of Times has cost the proprietors upwards 
of eight thousand pounds— a sum, however, speedily re- 
funded by the savings that arise from the invention, as it 
allows the discharge of pressmen on that establishment whose 
w^ages amounted to £25 a week ; while the number of composi- 
tors may be also much reduced, by its obviating the necessity 
for a duplicate of the types of the inner form, w hich the more 
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respectable daily prints have of late years found necessary. Tt 
was first stated in the Times that the apparatus multiplied copies 
at the rate of 1 100 per hour: it will produce them now with 
much greater speedy and with astonishing clearness and beauty. 
The invention is protected by a patent; but itself is its best 
protector. The apparatus requires a great space, and is very 
complicated; the plan of the old printing-press is scarcely 
brought to mind by that of tlie new one : tiie carriage and 
something like its ribs are the only parts that have any likeness 
to Caxton's or Stanhope's machinery. The ink is communi- 
cate to the types by several rollers, under which the form 
pass^ in its progress towards a cylinder of about three feet 
diameter, on which the sheets of paper are successively laid : 
so that something of the principle of the copperplate- press is 
in this new apparatus extended to the letter-press. The ink is 
distributed on the rollers with so much accuracy, that the terms 
and will in a few years be unknown in 

printing. Some inconvenience from picks'’ remains to be 
prevented. Confident expectations are entertained that the 
apparatus will be in a short time so simplified, as to bring the 
expense of it within the means of all respectable printers. 

As this invention has raised great expectations, we insert ex- 
tracts from a letter published by Mr. Koenig on this subject; 
it shows, also, the state of the Continent, and suggests one cause 
of British superiority, in whatever operations depend on in- 
genuity and industry. 

The first idea relating to this invention occurred to me 
eleven years ago, and the first experiments w’ere made soon 
after in Saxony. My original plan was confined to an im- 
proved press, in which the operation of laying the ink on the 
types was to be performed by an apparatus connected with the 
motion of the coffin, in such a manner that one hand could be 
saved. As nothing could be gained in expedition by this plan, 
the idea soon suggested itself to move this press by machineiy, 
or to reduce the several operations to one rotatory motion, to 
which any first mover might be applied. Its execution was 
not completed, when I found myself under the necessity of 
seeking assistance for the further prosecution of it. 

There is on the Continent no sort of encountgement for an 
entei'prise of this description. The system of Patents, as it 
exists in England, being either unknown, or not adopted in the 
continental states, there is no inducement for individual enter-- 
prise^ and projectors are commonly obliged to offer their dis- 
coveries to some Government, and to solicit encouragement. 

I need hardly add, that scarcely ever is an invention brought to 
maturity under such circumstances* The well-known fact, 
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that almost every invention seeks, as it were, refuge in England, 
and is there brought to perfection, where the Government does 
not afford any other protection to inventors than what is derived 
from the wisdom of the laws, seems to indicate that the Conti- 
nent has yet to learn from her the best manner of encouraging 
1 the mechanical arts. I had my full share in the ordinary dis- 

^ appointments of continental projectors ; and after having lost 

in Germany and Russia upwards of two years in fruitless ap- 
plications, I arrived about eight years ago in England, where 
i was introduced to and soon joined by Mr. Thomas Bensley, 
a printer so well known to the literary world, that the mention 
of his name is sufficient. 

The execution of the plan was begun, and as the experi- 
ments became very expensive, two other gentlemen, Mr. George 
Woodfall, and Mr. Richard Taylor, eminent printers in Lon- 
don, joined us. 

many obstructions and delays, the first printing ma- 
chine was completed exactly on the plan which 1 have described 
in the specification of my first patent, dated March £9, 1 S I 0. 
It was set to work in April 1 S i I . The sheet ( B ) of the new 
Annual Register for I8i0, ‘^Principal Occurrences,’’" SOOO 
copies, was printed with it, and is, I have no doubt, the first 
part of a book ever printed with a machine. 

The actual use of it, however, soon suggested new ideas, 
and led to the rendering it less complicated and more powerful. 
Impressions produced by means of cylinders, which had like- 
wise been already attempted by others without the desired, 
effect were again tried by me upon a new plan, namely, to 
place the sheet round the cylinder, thereby nmking it, as it 
were, part of its periphery. After some promising experi- 
ments, the plan for a new machine on this principle was made, 
and a manufactory established for the purpose. Since this time 
' 1 have had the benefit of my friend Mr. Bauer’s assistance, 

who, by the judgment and precision with which he executed 
my plans, has greatly contributed to their success. The new 
machine was completed in December, ISIS, after great diffi- 
i culties attending the cylindrical impression. Sheets G and X 

’ of Clarkson’s Life of Penn, voL 1, are the first printed with an 

entirely cylindrical press. The papers of the Protestant Union 
were also printed with it in February and March, ISIS. Sheet 
M of Alton’s Hortus Kewensis, vol. V. will show the progress 
of improvement in the use of this machine. All together there 
” are about 160,000 sheets now in the hands of the public, printed 

with this machine, which, with the aid of two hands, takes off 
800 in the hour. It is accurately described in the specifications 
of my two patents, dated Oct. SO, 181% and July £3, 1813. 

V „ ".VOL, II.' ' ■ . -X. , 
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The machines now printing the Times and Evening Mail 
are on the same principle as that Just mentioned ; but they have^ 
been contrived for the particular purpose of a newspaper of 
extensive circulation^ where e^rpeclition is the great object. 

The first introduction of the invention was considered by 
some as a difficult and even hazardous step. The proprietor of 
the Times having made that his task, the public are aware that 
it is in good hands. 

Fr. Koenig."'' 

Since the last edition of this work was published,^ the con- 
struction of printing machinery has been still farther improved. 
We cannot here enter into all the minutiae ; but our engraving 
of Bmsley s Printing Machine^ given upon pi. XL 111, exhibits 
of itself a tolerably intelligible view of its nature, and of the 
process of printing through its instrumentality. 

A boy is represented as laying on 

A the sheet of white paper. 

B the Cylinder which prints the first side of the paper; 

c intermediate Cylinders over which the paper travels to 

D the Cylinder which gives the final impression. 

E the Inking Rollers under which the Form (i. e. the types) 
is in the act of passing. 

F the Reservoir of Ink, from which the Inking Rollers are 
supplied. 

G the Form, receiving its last inking before it goes under the 
Printing Cylinder. 

H a sheet is seen just being delivered into the hands of 
another Boy, whose business it is to keep the sheets, as they 
come out, in a heap. 

The lines at top of the machine represent the Tapes, which 
run round the Cylinders and secure the sheet, 

Litkc^raphic Prm;fmg-PRESS. The process of lithography 
has now attained ‘so much eminence, that it will not be unin- 
teresting to our readers to meet with a description of the press 
and rollers used, according to the best construction, and the 
manner of printing. See pi XLIII, where 

Fig. 4. Is a side elevation of the press, with the scraper 
partly down. 

5* A cross section through the middle, 

I 6. A horizontal plan of the upper part. 

*7. Detail of the manner in which the scraper is held down 
during the impression. 

8. End elevation of the press. 

9. To explain the manner in which the centre of motion of 
the scraper is raised and lowered. 

The press consists of a strong frame, having on the upper 
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I part a plaiteii, or bed, a, to receive the stone, and which is 

moved along grooves in the upper part of the frame by means 
of a star-wheel, 5, to the axle of which is fixed a cylinder, c. 
On this cylinder the straps d^d, are gathered, w- Inch work 
, over the pulleys, fixed to the bed. 

[ When the stone is placed on the bed, and ready for the im- 

• pression, the frisket, or cover, Z', of the bed is brought down 

from the position marked by the dotted outline in fig. 4, and 
: shut over the stone, as shown in the same figure. This coyer 

I consists of a strong piece of calPs skin, stretched by screws with 

nuts and hooks, which catch hold of an iron rod sewed along 
one end of the skin. The other end of it is fixed to the oppo« 
site end of the frame (see fig. 6). The cover is fixed to the 
bed by hinges, g, which can be screwed at different heights, 

■ according to the thickness of the stones. When the cover is 

opened, it rests against the frame A, which can be adjusted to 
diiferent heights. (See figs. 4 and 8.) 

The cross piece i having the scraper k fixed in it, is now 
brought down, and the catches I lock into the upper of the 
piece n sliding between the grooved upright This is shown 
more in detaii in fig. 4; the upper part, where the catches 
lock, is of iron, and has a joint and handle to pull it out when 
the scraper is to be unlocked. A spring, o, keeps it generally 
in an upright position, to be ready to hold the catches /,T. 

When the scraper is locked down, the printer sets his foot 
on the treadle p of the lever, wdiich presses the scraper with 

t reat power on the stone. The pressure is by a double lever, 
aving a connecting rod, g, which can be adjusted so as to 
bring the upper arm r nearer to the treadle, when an increase 
of pressure is required, or a thinner stone is placed on the bed, 
which makes it necessary to bring the scraper lower down. 
The arm r passes through an iron frame on the sliding piece w, 
and thus brings it down when the treadle is depressed. The 
j hook s holds down the treadle during the impression. 

The star-wheel 5 is now turned round, and by this motion 
the bed is drawn under the scraper, and the impression is 
taken. I’he bed passes over a roller which is placed with 
its centre directly under the scraper (see fig. 5). 

As the stones are not always of the same thickness, the 
scraper must be brought to different heights. Fig. 9 show^s 
an adjusting screw for the purpose of regulating the end 
farthest from the catches, there being a sliding piece between 
the grooved uprights in which the centre is fixed, on which 
j the cross piece i turns. The iron r, fig. 5, stops the cross 

piece and scraper from falling back. 

When the bed has been drawn out, the printer releases the 
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treadle, which is raised up by the balance weight u\ and the 
scraper being unlocked and thrown back, the bed is drawn to 
its first position by the weight x\ 

As the surface of the stone is not always quite parallel to the 
bed, a simple contrivance has been adopted to allow a self ad- 
justment of the scraper, which is allowed to turn on the centre, 
and pressed down by a spring acting on each end, but yielding 
if necessary at either* It is Siown by the dotted lines in fig. 5. 
The screw y, presses the scraper lower, or raises it, if required. 

The scrapers are made of beech wood. 

> Tim Roller . — The roller for inking the drawing is of the 
form represented in the plate, fig. 10. The length may vary, 
but it ought to be full four inches in diameter. It is covered with 
'flannel, roiled tightly three or four times round, and nailed at 
the ends. It is then covered with a stretched calf-skin, fitting 
quite tight. The seam must be made neatly with the boot- 
maker''s closing stitch. The ends of the leather are gathered 
with a string, and tied round the projecting ends of the I’oller. 
Loose handles, A, a, made of thick leather, are put on these 
ends when it is used. The leather most be put on the roller 
with the rough side outw^ards. 

Printing Inl\— The printing ink is composed as other 
printing inks are, of oil, varnish, and very fine lamp-black, well 
mixed together. To prepare the varnish, a saucepan is about 
half filled with pure linseed oil, and heated over a fire, till it 
ignites from the flame of a piece of burning paper. It should 
then be allowed to burn till it is reduced to the degree required ; 
and if during the operation, there appears danger of its boiling 
over, it must be immediately taken off the fire, and the cover, 
which ought to fit quite close on the saucepan, must be put on 
to extinguish the flame. This is to prevent accidents; and the 
cjperator cannot be sufficiently cautioned against the danger 
attending the burning of the varnish, wliich ought never to be 
performed in a room with a boarded floor, or indeed in any 
part of a house. Wet sacks are the best things to put out the 
flame in case of accident. 

^ Several inks must be prepared, differing in the degree of vis- 
cidity, or thickness ot the varnish from which they are made, 
and^ the quantity of black mixed with them. The longer the 
oil is burned, the thicker the varnish becomes. 

The thinnest varnish is burned till it has lost nearly one- 
fourth of its volume. 

The next till it is reduced one-third. 

The thickest till it is reduced one-half. 

I hese directions are to be considered as very general ones ; 
imd the state of the varnish is best Judged of during the burn- 
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ing, by taking out some with a spoon, and letting a drop fall 
on a cold earthenware plate, and trying its degree of viscidity 
with the finger. The thinnest sort should be like common honey, 
the other should draw out in strings, which will be longer as 
the varnish is thicker. The thickest will draw out in strings 
two or three feet long* 

It is quite essential to have the oil pure, and the spcepan 
perfectly clean, and to keep the varnish in clean close jars in a 
cool place. 

It is best not to make the varnish long before it is wanted ; 
for if any decomposition takes place in it, the drawing will be 
spoiled by the printing ink. 

The black is mixed with the varnish on a grinding stone with 
a niuiler, in small successive quantities ; care being taken that 
,tbe first portion of black is equally mixed with the varnish 
before a second is added. In the thickest inks this requires 
considerable labour. 

By mixing the varnishes together, any degree of stifFness of 
the ink may be obtained; and, by putting more or less black, 
its thickness is regulated. 

The printer must always have by him several small pots, 
each containing a different printing ink, to be used as occasion 
requires. A small quantity, not more than the size of a hazel- 
nut should be used at a time, for it is desirable to charge the 
roller with as small a quantity as possible. It must be worked 
well on the colour table with the roller in all directions, that 
it may be equally distributed all over the roller. 

Ink drawings are generally printed with a stiffer ink than 
chalk drawings. 

Preparation qf the Stone for Printing . — -The drawing being 
finished on the stone as betbi'e described, is sent to the Litho- 
graphic printer, on whose knowledge of his art the success of 
the impressions entirely depends. The first process is to etch 
the drawing, as it is called. This is done by placing the stone 
obliquely on one edge over a trough, and pouring over it very 
dilute nitric acid. It is poured on the upper part of the stone, 
and runs down all over the surface. The stone is then turned, 
and placed on the opposite edge, and the etching water, being 
collected from the trough, is again poured over it in the same 
manner. The degi'ee of strength, which is little more than 
one per cent, of acid, should be such as to produce a very slight 
effervescence ; after the etching water has lain on the stone for 
a second or tv70, its strength must vary according to the heat 
of the atmosphere, and the degree of fineness of the drawing. 
It is desirable to pass the etching water two or three times oyer 
the darkest parts of the drawing, as they require more etching 
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than the lighter tints. Some stones also^ and different chalks, 
require different degrees of strength of the acid, and experience 
alone can guide the Lithographer in his practice on this point. 
Chalk drawings require weaker acid than the ink. 

The stone is now carefully washed, by pouring clean rain 
water over it, and afterwards with gum-water ; and, when not 
too wet, the roller, charged with printing-ink, is rolled over it 
in both directions — sideways, and from top to bottom, till the 
drawing takes the ink. It is then well covered over with a 
solution of gum-arabic in water, of about the consistency of 
oil. This is allowed to dry, and preserves the drawing from 
any alteration, as the lines cannot spread, in consequence of 
the pores of the stone being filled with the gum. After the 
etching, it is desirable to leave the stone for a day, and best not 
to leave it more than a week, before it is printed from. In 
some establishments a few proofs are taken immediately 
after the drawing is etched, but it is better not to do so. 
{Glaagoiv Mech, Mag.) 

The jKoWiTu^-PREss, as it has been commonly used in cop- 
per-plate printing, is represented in fig. S. pL XV. This ma- 
chine, like the common press, may be divkled into two parts, 
the bo^j and carriage^ analogous to those in the other. 

The body consists of two cheeks pp of different dimensions, 
ordinarily about four feet and a half high, a foot thick, and two 
and a half apart, joined at top and bottom by cross pieces. 
The cheeks are placed perpendicularly on a wooden stand or 
foot, LM, horizontally placed, and sustaining the whole press. 
From the foot likewise rise four other perpendicular pieces, c, c, 
c, c, joined by other ci'oss or horizontal ones rf, d, df, which may 
be considered as the carriage of the press, as serving to sustain a 
smooth, even plank, hik, about four feet and a half long, two 
feet and a lialf broad, and an inch and a half thick : upon which 
the ei^raven plate is to be placed. Into the cheeks go two 
wooden cylinders or rollers be, eg, about six inches in diame- 
ter, borne up at each end by the cheeks, whose ends, which are 
lessened to about two inches diameter, and called trunnions^ 
turn in the cheeks between two pieces of wood, in form of liali- 
moons, lined with polished iron, to facilitate the motion. The 
space in the half-moons, left vacant by the trunnion, is filled 
with paper, pasteboard, &c. that they may be raised and lowered 
at discretion ; so as only to leave the space between them neces- 
sary for the passage of the plank charged with the plate, paper, 
and blankets. Lastly, to one of the trunnions of the upper 
roller is fctened a cross, consistii^ of two levers ab, or pieces 
of wood traversing each other. The arms of this cross serve 
in lieu of the handle of the common press ; giving a motion to 
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the upper roller^ and that to the under one ; by which means 
the plank is protruded, or passed between them. 

The practice of printing from copper-plates is nearly as 
follows. The workmen take a small quantity of the ink on a 
rubber made of linen rags, strongly bound about each other, and 
with this smear the whole face of the plate as it lies on a grate 
over a charcoal fire. The plate being sufficiently inked, they 
first wipe it over with a foul rag, then with the palm of their left 
hand, and then with that of the right ; and to dry the hand and 
forward the wiping, they rub it from time to time in whiting.. 
The address of the workman consists in wiping the plate per- 
fectly clean, without taking the ink out of the engraving. The 
plate thus prepared is laid on the plank of the press ; over the 
plate is laid the paper, first well moistened, to receive the 
impression ; and over the paper two or three folds of flannel. 
Things being thus disposed, the arms of the cross are pulled, 
and by that means the plate witli its fiirniture is passed through 
between the rollers, which pinching very strongly, yet equally, 
presses the moistened paper into the strokes of the engraving 
whence it takes out the ink, and receives the required impres- 
sion. 

PRESSURE ENGixEsfor raising water by the pressure and 
descen t of a column inclosed in a pipe, have been lately erected 
in different parts of this country. The principle now adverted 
to was adopted in some machinery executed in France about 
1731 (see Belidor de Arch. Hydraul. lib. iv. ch. !•), and was 
likewise adopted in Cornwall about sixty years ago. But the 
pressure engine of which we are about to give a particular de- 
scription is the invention of Mr. R. Trevithick, who probably 
was not aware that any thing at all similar had been attempted 
before. This engine, a section of which, on a scale of a quarter 
of an inch to a foot, is shewn in pi. XXIII, was erected about 
HO years ago at the Druid Copper Mine, in the parish of Illo- 
gan, near Truro, ab represents a pipe six inches in diameter, 
through which water descends from the head to the place of its 
delivery to run off by an adit at s, through a fall of 34 fathoms 
in the whole ; that is to say, in a close pipe down the slope of 
a hill 200 fathoms long, with 26 fathoms fall ; then perpen- 
dicularly six fathoms, till it arrives at B, and thence through 
the engine from b to s two fathoms. At the turn b the water 
enters into a chamber c, the lower part of which terminates in 
two brass cylinders four inches in diameter ; in which two 
plugs or pistons of lead, n and e, are capable of moving up and 
down by their piston rods^ which pass through a close packing 
above, and are attached to the extremities of a chain leading 
over and properly attached to the wheel a, so that it cannot slip. 
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The leaden pieces d and e are cast in their places, and hare 
no packing whatever. They move very easily ; and if at any 
time they should become loose, they may be spread out by a 
few blows with a proper instrument, without taking them out of 
their place. On the sides of the two brass cylinders, in which 
D and E move, there are square holes communicating towards 
F and G, which is an horizontal trunk or square pipe, four inches 
wide and three inches deep. All the other pipes g, g, and p, 
are six inches in diameter, except the principal cylinder wherein 
the piston H moves ; and this cylinder is ten inches in diameter,^ 
and admits a nine- feet stroke, though it is here delineated as if 
the stroke were only three feet. 

The piston-rod w'orks through a stuffing box above, and is 
attached to mn, which is the pit-rod, or a perpendicular piece 
divided into two, so as to allow its alternate motion up and 
down and leave a space between, w^ithout touching the fixed 
apparatus, or great cylinder. The pit-rod is prolonged down 
into the mine, where it is employed to work the pumps, or if 
the engine were applied to mill-work, or any other use, this rod 
would form the communication of the first mover. 

KL is a tumbler or tumbling-bob, capable of being moved on 
the gudgeons v, from its present position to another, in which 
the weight l shall hang over with the same inclination on the 
opposite side of the pei pendicular, and consequently the end k 
will then be as much elevated as it is now depressed. 

The pipe es has its lower end immersed in a cistern, by which 
means it delivers its water without the possibility of the external 
air introducing itself; so that it constitutes a torricellian column 
or water barometer, and renders the whole column from a to s 
effectual : as we shall see in oiir view of the operation. 

The opei'atmi. Let us suppose the lower bar kv of the 
tumbler to be horizontal, and the rod ro so situated, as that the 
plu^ or leaden pistons b and e shall lie opposite to each other, 
anefstop the water-ways g and f. In this state of the engine, 
though each of these pistons is pressed by a force equivalent to 
more than a thousand pounds, they will remain motionless, 
because these actions being contrary to each other, they are con- 
stantly in equilibrio. The great piston h being here shown as at 
the bottom of its cylinder, the tumbled is to be thrown by hand 
into the position here delineated. Its action upon op, and con- 
sequently upon the wheel a, draws up the plug n, and depresses 
E,so that the water-way g becomes open from ab, and that of 
F to the pipe r : the water consequently descends from a to c ; 
thence to ogg, until it acts beneath the piston h. This pres- 
sure raises tfe piston, and if there be any water above the pis- 
ton, it causes it to rise and pass through r into r. During the 


PliESSUilE-EHGlHES. 


mSy: 

rise of the piston (which carries the pit-rod mh along with it), 
a sliding block of wood i, fixed to this rod^ is brought into 
contact wdth the tail k of the tumbler, and raises it to the hori- 
zontal position, beyond which it oversets by the acquired 
motion of the weight L. 

The mere rise of the piston, if there were no additional mo- 
tion in the tumbler, would only bring the two plugs D and K 
to the position of rest, namely, to close o and f, and then the 
engine would stop ; but the fall of the tumbler carries the plug 
n downwards quite clear of the hole F, and the other plug e 
upwards, quite clear of tlie hole a. These motions require no 
consumptibn of power, because the plugs are in equilibrio, as 
was just observed. . . 

In this new situation the column AB no longer commuhicates 
with G, but acts through f upon the upper part of the piston h, 
and depresses it ; while the contents of the great cylinder be- 
neath that piston are driven out th rough gg g, and pass through 
the opening at E into K. It may be observed, that the column 
which acts against the piston is assisted by the pressure of the | 

atmosphere, rendered active by the column of water hanging in ] 

R, to which that assisting pressure is equivalent, as has already I 

been noticed, I 

When the piston has descended through a certain length, the | 

slide or block at t, upon the pit-rod, applies against the tail k I 

oftheturabler, which it depresses, and again oversets; producing | 

once more the position of the plugs de, here delineated, and | 

the consequent ascent of the great piston h, as before described. 1 

The ascent produces its former effect on the tumbler and plugs ; j 

and in this manner it is evident that the alternations will go on j 

without limit : or until the manager shall think fit to place the 
tumbler and plugs de in the positions of rest; namely, so as ta ■ 

stop the passages f and g. J 

The length of the stroke may be varied by altering the posi- i 

tions of the pieces t and i, which will shorten the stroke the i 

nearer they are together ; as in that case they will sooner alter- [ 

Bate upon the tail K. 

As the sudden stoppage of the descent of the column ab, at | 

the instant when the two plugs were both in the water-way, \ 

might jar and shake the apparatus, those plugs are made half \ 

an inch shorter than the depth of the side holes ; so that in that 
case the water can escape directly through both the small cylin- i 

ders to r. This gives a moment of time for the generation of > 

the contrary motion in the piston and the water in ggg, and 
greatly deadens the concussion which might else be produced. 

Some former attempts to make pressure engines upon the { 

principle of the steam-engine have failed ; because water, not | 
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being elastic, could not be made to carry the piston onwards 
a little, so as completely to shut one set of valves and open 
another. In the present judicious construction, the tumbler 
performs the office of the expansive force of steam at the end 
of the stroke. 

. Mr, Boswell suggests, as a considerable improvement, that 
the action of this engine should be made elastic by the addition 
of an air-chamber, on the same principle as that used in fire- 
engines; this, he thinks^ might be best effected by making the 
piston hollow, with a small orifice in the bottom, and of a larger 
size, to serve for this purpose^ as the spring of the air would 
then act both <m the upward and downward pressure of the 
water, (Nick, Jour, N. S. vols. i. ii.) 

PULLEY, one of the simple machines, or as they are com- 
monly called, mechamcal powers ; its theory is laid down in arts. 
148 — 151, 267, &c, of our first volume. The present article 
is introduced for the purpose of mentioning some ingenious 
practical combinations of pulleys, in addition to those exhibited 
in pL VL vol. i. 

The usual methods of arranging pulleys in their blocks may 
be reduced to two. The first consists in placing them one by 
the side of another upon the same pin : the other in placing 
them -directly under one another upon separate pins. Each 
of these methods however is liable to inconvenience ; and Mr. 
Smeaton, to avoid the impediments to which these combinations 
are subject, proposes to combine these two methods in one. 

. A very considerable improvement in the construction of 
pulleys has been made by Mr. James White, who obtained a 
patent for his invention, of which he gives the following de- 
scription, Fig. 6. pi. XIX. shows the machine, consisting of 
two pulleys a and r, one fixed and the other moveable. Each 
of these has six concentric grooves capable of having a line put 
round them, and thus acting like as many different pulleys, 
having diameters equal to those of the grooves. Supposing 
then each of the grooves to be a distinct pulley, and that all 
their diameters were equal, it is evident that if the weight 1 44 
were to be raised by pulling at s till the pulleys touch each 
other, the first pulley must receive the length of line as many 
times as there are parts of the line hanging betw^een it and the 
lower pulley. In the present case there are lines 6, &c. 

hanging between the two pulleys, formed by its revolution about 
the six upper and lower grooves. Hence, as much line must 
pass over the uppermost pulley as is equal to twelve times the 
distance of the two. But, from an inspection of the figure, it is 
plain that the second pulley cannot receive the full quantity of 
line by as much as is equal to the distance betwixt it and the 
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first. In like manner, the third pulley receives less than the ' 

first by as much as is the distance between the first and third ; 
and so on to the last, which receives only one-twelfth of the | 

' whole. For this receives its share of line n from a fixed point 

in the upper frame, which gives it nothing ; while all the others 
in the same frame receive the line partly by turning to meet 
it, and partly by the line coming to meet them. 

Supposing now these pullej’^ to be equal in size, and to move 
freely as the line determines them, it appears evident, from the 
nature of the system, that the number of their revolutions, and 
consequently their velocities, must be in proportion to the num- 
ber of suspending parts that are between the fixed point above 
mentioned, and each pulley respectively. Thus the outermost 
pulley would go twelve times round in. the time that the pulley 
under which the partn of the line, if equal to it, would revolve 
only once; and the intermediate times and velocities would be 
a series of arithmetical proportionals, of which, if the first num- 
ber w^ere 1, the last would always be equal to the whole number 
of terms. Since then the revolutions of equal and distinct 
pulleys are measured by their velocities, and that it is possible 
to find any proportion of velocity on a single body ru lining on 
a centre, viz. by finding proportionate distances from that 
■ centre ; it follows, that if the diameters of certain grooves in 

the same substance be exactly adapted to the above series (the 
line itself being supposed inelastic, and of no magnitude)^, the 
necessity of using several pulleys in each frame will be obviated, 
and with that some of the inconveniences, to which the use of 
tlie pulley is liable. 

In the figure referred to, the coils of rope by which the 
weight is supported are represented by the lines a, 5, c, &c. : 
a is the line of traction, commonly called the fall, which passes 
: over and under the proper grooves, until it is fastened to the 

upper frame just above w. in practice, however, the grooves 
are not arithmetical proportionals, nor can they be so ; for the 
: diameter of the rope employed must in all cases be deducted 

from each term ; without which the smaller grooves, to which 
the said diameter bears a larger proportion than to the larger 
i ones, will tend to rise and fall faster than they, and thus intror 

I duce worse defects than those which they were intended to 

I obviate. 

i The principal advantage of this kind of pulley is, that it de- 

[ stroys lateral friction, and that kind of shaking motion which is 

fi so inconvenient in the common pulley. And lest (says Mr. 

White) this circumstance should give the idea of weakness, I 
, would observe, that to have pins for the pulleys to run on is 

i not the only nor perhaps the best method; but that I sometimes 
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use centres fixed to the pulleys, and revolving on a very short 
bearing in the side of the frame, by which strength is increased, 
and friction very much diminished ; for to the last moment the 
motion of the pulley is perfectly circular: and this very circum- 
stance is the cause of its not wearing out in the centre as soon 
as it would, assisted by the ever-increasing irregulaiities of a 
gullied bearing. These pulleys, when well executed, apply to 
jacks, and other machines of that nature, with peculiar advan- 
tage, both as to the time of going and their own durability; and 
it is possible to produce a system of pulleys of this kind of six 
or eight parts only, and adapted to the pocket, which, by 
means of a skein of sewing silk, or a clue of common thread, 
will raise upwards of a hundred weight. 

The friction of the pulley is now reduced to almost nothing 
by Mr. Garnett’s ingenious patent frictioii-rollers, which pro- 
duce a great saving of labour and expense, as well as in the 
wear of the machine, both when applied to pullej^s and to the 
axles of wheel-carriages. His general principle is this : between 
the axle and nave, or centre pin and box, a hollow space is left, 
to be filled up by solid equal rollers nearly touching each other. 
These are furnished with axles inserted into a circular ring at 
each end, by which their relative distances are preserved ; and 
they are kept parallel by means of wires fastened to the rings 
between the rollers, and which are riveted to them. 

PUMP, a hydraulic machine for raising water by the pres- 
sure of the atmosphere. 

The most important and certain part of the theory of pumps 
has been laid down in arts. 524 — 538, of our first volume; and 
the construction of two or three . kinds has been already de- 
scribed in this volume under the articles centeifugal machmej 
FIRE engine^ i^orcer, and hyduaulic engines, A few other 
ustful, yet not complex, pumps, will be described in the present 
article: and some account will be added of the most ingenious 
pistons and valves. 

* 1 . A modification of the sucking-pump, which has been much 
pedommended, is exhibited in plate XXV. fig. 17. Here the 
suction-pipe CO comes up through a cistern kmnl deeper or 
longer than the intended stroke of the piston, and has a valve 
c at top. The piston, or what acts in lieu of it, is a tube 
AHGB, open at both ends, and of a diameter somewhat larger 
than that of the suction-pipe. The interval between them is 
filled up at HG by a ring or belt of soft leather, which Is fast- 
ened to the outer tube, and moves up and down with it, sliding 
along the smoothly polished surface of the suction-pipe with 
very little friction. There is a valve i on the top of this piston, 
opening upwards. Water is poured into the. outer cistern. 
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The outer cylinder or piston being drawn up from the hot- 
tom, there is a great rarefaction of the air which was between 
them, and the atmosphere presses the water up through the 
suction-pipe to a certain height; for the valve i keeps shut by 
the pressure of the atmosphere and its own weight. Pushing 
down the piston causes the air, which had expanded from the 
suction-pipe into the piston, to escape through the valve i : 
drawing it up a second time allows the atmosphere to press 
more water into the suction-pipe, to fill it, and also part of the 
piston. When this is pushed down again, the water which had 
come through the valve c is now forced out through the valve 
I into the cistern kmxl, and now the whole is full of water. 
When, therefore, the piston is drawn up, the water follows/ 
and fills it, if not 33 feet above the water in the cistern ; and 
when it is pushed down again, the water which filled the piston 
is all thrown out into the cistern ; and after this it delivers its 
full contents of water every stroke. The water in the cistern 
KMNL effectually prevents the entrance of any air between the 
two pipes ; so that a very moderate compression of the belt of 
soft leather at the mouth of the piston cylinder is sufficient to 
make all perfectly tight. 

It might be made diSerently. The ring of leather might be 
fastened round the top of the inner cylinder at de, and slide 
on the inside of the piston cylinder : but the first form is most 
easily executed. Muschenbroeck has given a figure of this 
pump in his large system of natural philosophy, and speaks 
very highly of its performance. But we do not see any advan- 
tage which it possesses over the common sucking-punip.^^^^^ H 
indeed says that it is without friction, and makes no mention of 
the ring of leather between the two cylinders. Such a pump 
will raise water extremely well to a small height, and it seems 
to have been a model only which he had examined ; but if the 
Suction-pipe belong, it will by no means do without the leather; 
for on drawing up the piston, the water of the upper cistern 
will rise between the pipes, and fill the piston, and none will 
come up through the suction-pipe. 

We may take this opportunity of observing, that most of the 
ingenious contrivances of pumps without friction are of little 
importance in great works ; because the friction which is com- 
pletely sufficient to prevent all escape of water in a well-con- 
structed pump is but a very trifling part of the whole force. In 
the great pumps which are used in mines, and are worked by 
a steam-engine, it is very usual to make the pistons and valves 
without any leather whatever. The working barrel is bored 
truly cylindrical, and the piston is made of metal of a size that 
will just pass along it witiiout sticking. When this is drawn 
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up with the velocity competent to a properly loaded machine, 
the quantity of water which escapes round the piston is insigni- 
ficant. The piston is made without leathers, not to avoid fric- 
tion, which is also insignificant in such works ; but to avoid the 
necessity of frequently drawing it up for repairs through such a 
length of pipes* 

£. If a pnmp absolutely without friction be w^anted, the fol- 
lowing seems preferable for simplicity and performance to most 
that we have seen, when made use of in proper situations. Let 
KO (fig, 1$.) be the surface of the water in the pit, and k the 
place of delivery* The pit must be as deep in water as from 
k: to 1 ^ 0 * ABCB is a wooden trunk, round ^or square, open at 
bolit ends, and having a valve p at the bottom. The top of 
this trunk must be on a level with js:, and has a small cistern 
EABF. It also communicates laterally with a rising pipe 
GHK, furnished with a valve at h opening upwards, lm is 
a beam of timber so fitted to the trunk as to fill it without 
sticking, and is of at least equal length. It hangs by a chain 
from a working beam, and is loaded on the top with weights 
exceeding that of the column of w’ater which it displaces. 
Now suppose this beam allowed to descend from the position in 
which it is draw’n in the figure ; the water must rise all around 
it in the crevice which is betw^een it and the trunk, and also 
in the rising pipe ; because the valve p shuts, and h opens; so 
that when the plunger has got to the bottom, the water will 
stand at the level of k. When the plunger is again drawn up 
to the top by the action of the moving power, the water sinks 
again in the trunk, but not in the rising pipe, because it is 
stopped by the valve h. Then allowing the plunger to descend 
again, the water must again rise in the trunk to the level of ic, 
and it must now flow out at k; and the quantity discharged 
will be equal to the part of the beam below the surface of the 
pit-water, deducting the quantity which fills the small space 
between the beam and the trunk. This quantity may be re- 
duced almost to nothing, for if the inside of the trunk and the 
outside of the beam be made tapering, the beam may be let 
down till they exactly fit ; and as this may be done in square 
work, a good workman can make it exceedingly accurate. But 
in this case, the lower half of the beam and trunk must not 
taper ; and this part of the trunk must be of suflicient width 
round the beam to allow free passage into the rising pipe. Or, 
which is better, the rising pipe must branch off from the bottom 
of the trunk. A discharge may be made from the cistern eadf, 
so that as little water as possible may descend along the trunk 
when the piston is raised. 

One great excellence of this p«mp is, that it is perfectly free 
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! from all the deficiencies which in common pumps result 

from want of being air-tight. Another is, that tlie quantity of 
water raised is precisely equal to the power expended ; for any 
want of accuracy in the work, while it occasions a diminution 
of the quantity of water discharged, makes an equal diminution 
in the weight which is absolutely necessary for pushing down the 
plunger. We have seen a machine consisting of two such pumps # 
suspended from the arms of a long beam, the upper side of which 
( was formed into a walk with a rail on each side. A man stood on 

I one end till it got to the bottom, and then walked gently up to 

the other end, the ioclination being about twenty-five degrees 
at first, but gradually diminished as he went along, and changecl 
the load of the beam. By these means he made the other end 
go to the bottom, and so on alternately, with the easiest of all 
exertions, and what we are most fitted for by our structure. 

^ With this machine, a very feeble old man, weighing 110 

I pounds, raised 7 cubic feet of water 1 1-|- feet high in a minute, 

j and continued working 8 or 1 0 hours every day. A stout young 

I man, weighing nearly 135 pounds, raised to the same 

height ; and when he carried 30 pounds, conveniently slung 
about him, he raised 9|- feet to that height, working 10 hours 
a-day without fatiguing himself. This exceeds DesagiilieiV 
. maximum of a hogshead of w^ater 10 feet high in a minute, in | 

I the proportion of 9 to 7 nearly. It is limited to very moderate 

^ . heights ; but in such situations it is very effectual Belidor 

applies a nearly similar contrivance to the working of double 
pumps in general 

3. Another most ingenious contrivance of a pump without 
friction isthat of Mr. Haskins, described in Phil Trans. No. 

870, and called by him the Quicksilvee Pciiip. Its construc- 
tion and mode of operation are complicated ; but the following 
preliminary observations will, we hope, render them abundantly 
plain. 

Let there (fig. 19.) be a cylindrical iron pipe, about six feet 
long, open at top; also another cylinder, connected with it at 
bottom, and of smaller diameter. It may either be solid, or, if 
hollow, it must be close at top. Let a third iron cylinder, of an 
intermediate diameter, be made to move up and down between 
the other tw^o without touching either, but with as little interval 
: as possible. This middle cylinder communicates, by means of " 

' the pipe ab, with the upright pipe fe, having valves c and d 

I (both opening upwards) adjoining to the pipe of communication. 

; Suppose the outer cylinder suspended by chains from the end I 

of a working beam, and let mercury be poured into the interval ' 

between the three cylinders till it fills the space to about three- J 

I fourths of their height. Also suppose that the lower end of the i 
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pipe FE is immersed into a cistern of water, and that the valve 
» is less than ;>3 feet above the surface of this water. 

Now suppose a perforation made somewhere in the pipe ab, 
and a communication made with an air-pump. When the 
air-pump is worked, the air contained in ce, in ab, and in 
the space between the inner and middle cylinders, is rarified, 
and is abstracted by the air-pump; for the valve o imme- 
diately shuts. The pressure of the atmosphere will cause the 
water to rise in the pipe CE> and will cause the mercury to rise 
between the inner and middle cylinders, and sink between the 
outer aud middle cylinders. Let us suppose mercury 1 Q, times 
heavier than water : then for every foot that the water rises in 
EC, the level bkween the outside and inside mercury will vary an 
inch; and if we suppose be to be 30 feet, then if we can rarefy 
the air so as to raise the water to d, the outside mercury will be 
depressed to f , r, and the inside mercury will have risen to fy 
m nnd tr being about 30 inches. In this state of things, 
the water will run over by the pipe ba, and every thing will 
remain nearly in this position. The columns of water and 
mercury balance each other, and balance the pressure of the 
atmosphere. 

While things are in this state of equilibrium, if we allow 
the cylinders to descend a little, the water will rise in the pipe 
FE, which we may now consider as a suction-pipe; for by this 
motion the capacity of the whole is enlarged, and therefore the 
pressure of the atmosphere will still keep it full, and the situa- 
tion of the mercury will again be such that all shall be in equi- 
librio. It will be a little lowxr in the inside space, and higher 
in the outside. 

j Taking this view of things, we see clearly how the water is 
supported by the atmosphere at a very considerable heigiit. 
The apparatus is analogous to a syphon which has one leg 
jBlled with water and the other with mercury. But it was not 
necessary to employ an airlpump to fill it Suppose it again 
empty, and all the valves shut by their own weight. Let the 
cylinders descend a little. The capacity of the spaces below 
the valve n is enlarged, and therefore the included air is rare- 
fied, and some of tlie air in the pipe ce must diffuse itself into 
the space quitted by the inner cylinder. Therefore the atmo- 
sphere will press some w^ater up the pipe fe, and some mercury 
into the inner space between the cylinders. \V hen the cylinders 
are raised again, the air which came from the pipe ce would 
return into it again, but is prevented by the valve c. — Raising 
the cylinders to their former height would compress this air ; 
it therefore lifts the valve o, and escapes. Another depression 
of the cylinders will have a similar effect. The water will rise 




821 


feighci' in Fc, and the mercury in the inner space ; and then 
after repeated strokes the water will pass the valve c, and fill 
the whole apparatus, as the air-pump had caused it to do be- 
fore. The position of the cylinders, when things are in this 
situation, is represented in fig. £ 0 . the outer and inner cylinder 
in their lowest position having descended about 30 inches. The 
mercury in the outer space stands at 5 , r, a little above the mid- 
dle of the cylinders, and the mercury in the inner space is near 
the top ts of the inner cylinder. Now let the cylinders be 
drawn up. The water above the mercury cannot get back 
again through the valve c, which shuts by its own weight. We 
therefore attempt to compress it ; but the mercury yields, and 
descends in the inner space, and rises in the outer till both are 
quickly on a level, about the height If we continue to 
raise the cylinders, the compression forces out mox’e mercury, 
and it now stands lower in the inner than in the outer space. 
But that there may be something to balance this inequality of 
the mercurial columns, the water goes through the valve d, and 
the equilibrium is restored when the height of the water in the 
pipe ED above the surface of the internal mercury is 12 times 
the dilFei'ence of the mercurial columns (on the former sup- 
position of specific gravity). If the quantity of water be such 
as to rise two feet in the pipe eb, the mercury in the outei’ 
space Will be two inches higher than that in the inner space. 
Another depression of the cylinders will again enlarge the space 
within the apparatus, tlie mercury will lake the position of 
fig. 19. and more water will come in. Raising the cylinders 
will send this water four feet up the pipe eb, and tlie mercury 
will be four inches higher in the inner than in the outer space. 
Repeating this operation, the water will be raised still higher 
in BE ; and this will go on till the mercury in the outer space 
reaches the top of the cylinder; and this is the limit of the 
performance. The dimensions with which we set out will 
enable the machine to raise the water about SO feet in the pipe 
ED ; which, added to the 30 feet of ce, makes the whole height 
above the pit-water 60 feet* By making the cylinders longer, 
we increase the height of ED. This machine must be worked 
with great attention, and but slowly ; for at the beginning of 
the forcing stroke the mercury very rapidly sinks in the inner 
space and rises in the outer, and will dash out and be lost. To 
prevent this as much as possible, the outer cylinder terminates 
in a sort of cup or dish, and the inner cylinder should be tapered 
at the top. 

M he machine is exceedingly ingenious and refined ; and there 
is no doubt but that its performance will exceed that of any 
other pump which raises the water to the same height, because 
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friction is completely avoided, and there can be no want ot 
tightness of the piston. But this is all its advantage ; and from 
wiiat has been observed, it is but trifling. The expense would 
be enormous ; for with whatever care the cylinders are made, 
the interval between the inner and outer cylinders must contain 
a very great quantity of mercury. The middle cylinder must 
be made of iron plate, and must be without a seam, for the 
mercury would dissolve every solder. For such reasons, it has 
never come into general use. But it would have been un- 
pardonable to have omitted the description of an invention 
which is so original and ingenious; and there are some 
occasions where it may be or great use, as in nice experi- 
ments for illustrating the theory of hydraulics, it would give 
the finest pistons for measuring the pressures of water, in 
pi|>es, &c. 

4. Mr. Thomas Clark, of Edinburgh, has recently invented 
a qiLiclm her pump for raising water, which works almost 
without friction. It has great power in drawing and forcing 
water to any height, and is extremely simple in its construc- 
tion. It is made by twisting a piece of iron tube into the form 
of a ring, g q % (fig. 1 . ph XLI V). having the ends of the 
tube bent into the centre /a, and again bent outwards, so as to 
form an axle to the wheel or ring thus formed. One of the 
ends of the axle is inserted, by means of a stuffing box at 
into the side of the main pipe da, which leads dowm to the 
well, which allows it to move easily, and at the same time 
keeps it air-tight. In the main pipe da, immediately below 
where the axle is inserted, or at any other convenient distance, 
is placed a valve c lifting upwards, another valve d lifting up- 
wards is also placed immediately above the axle, or at any' 
other convenient distance. There is now put into the iron 
ring a quantity of quicksilver, filling it from q to q, which 
slides backwards and forwards, as the ring is made to vibrate 
upon its axis in the stufiing-box at h, forming a vacuum in 
the main pipe as the silver recedes in the tube from g to q 
the water rushes up from a to fill the vacuum, and when the 
silver slides back again towards g, the water is expelled through 
the upper valve d, and escapes at the top of the main pipe at 
e, A wheel of twelve or thirteen feet diameter will lift water 
the same height as a common lifting pump, and force it 150 
feet higher, almost without friction . — ( JamiesorCs Edinburgh 
JournaL) 

The following pump, without friction, may be constructed 
in a variety of ways by any common carpenter, without tlie 
assistpce of the pump-maker, or plumber, and will be very 
effective for raising a great quantity of water to small heights. 
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as in draining marshes, marl-pits, quarries, &c, or even for the 
service of a house. 

5. ABCB (pi. XXV. fig. 21.) is a square trunk of carpenters’ i 

work open at both ends, and having a little cistern and spout 
at top. Near the bottom there is a partition made of board, 
perforated with a hole e, and covered with a clack. \f Jiff tv, 
present a long cylindrical bag made of leather or double canvas 
with a fold of thin leather, such as sheepskin, between the can- 
vas bags. This is firmly nailed to the board e with soft leather i 

between. The upper end of this bag is fixed on a round board 
having a hole and. valve f* This board may be turned in the 
lathe with a groove round its edge, and the bag fastened to it 
by a cord bound tight round it. The fork of the piston-rod 
FG is firmly fixed into this board ; the bagis kept distended by 
a number of wooden hoops or rings of strong i 

&c. put into it at a few inches’ distance from each other. It will i 

be proper to connect these hoops before putting them in, by 
three or four cords from top to bottom, which will keep them ; 

at theirproper distances. Thus will the bag have the form of ! 

a bafBer’s bellows powder-puff. The distance between the 
hoops should be about twice the breadth of the rim of the wooden 
ring to which the upper valve and piston-rod are fixed. 

Now let this trunk be immersed in the water. It is evident j 

that if the bag be stretched from the compressed form which its 
own weight will give it by drawing up the piston-rod, its capa- 
city will be enlarged, the valve f will be shut by its own weight, | 

the air in the bag will be rarefied, and the atmosphere will 
press the water into the bag. When the rod is thrust down i 

again, this water will come out by the valve f, and fill part of 
the trunk. A repetition of the operation will have a similar 
effect; the trunk will be filled, and the water will at last be 
discharged by the spout. 

Here again is a pump without friction, and perfectly tight. 

For the leather between the folds of canvas renders the bag 
impervious both to air and water. And the canvas has very i 

considerable strength. We know from experience that a bag i 

of six inches diameter, made of sail-Gloth No. S. with a sheep- I 

skin between, will bear a column of 15 feet of water, and stand 
six hours’ work per day for a month without failure, and that j 

the pump is considerably superior in efiect to a common pump < 

of the same dimensions. We must only observe, that the length 
of the bag must be three times the intended length of the stroke; 
so that when the piston-rod is in its highest position, the angles 
or ridges of the bag may be pretty acute. If the bag be more 
stretched than this, the force w^hich must be exerted by the la- 
bourer becomes much greater than the weight of the column 
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of water which he is raising. If the pump be laid aslope, 
whicli is very usual in these occasional and hasty drawings, it is 
necessary to make a guide for the piston-rod wdthin the trunk, 
that tlie bag may play up and down without rubbing on the 
sides, which would wear it quickly out. 

The experienced reader will see that this pump is very like 
that of Gosset and De la Deuille, described by Belidor, voL ii. 
p. }2(V ^tid most writers on hydraulics. It would be still more 
like it, if the bag were on the under side of the partition e, and 
a valve placed further down the trunk. But we think that our 
form is greatly preferable in point of strength. When in the 
other rituation, the column of water lifted by the piston tends 
to burM the bag, and this with a great force, as the intelligent 
reader well knows. But in the form recommended here, the 
hng h compressed, and the strain on each part may be made 
mudi less than that which tends to burst a bag of six inches 
diameter. The nearer the rings are placed to each other the 
smaller will the strain be. 

The same bag-piston may be employed for a forcing-pump, 
by placing it below the partition, and inverting the valve ; and 
it will then be equally strong, because the resistance in this case 
too will act by compression. 

An ingenious variation in the construction of the sucking- 
pump is that with two piston-rods in the same barrel, invented 
by the late Mr. W, Taylor, of Southampton. A vertical section 
of this pump is given in fig. 1, pL XXIV. The piston-rods 
have racks at their upper parts working on the opposite sides 
of a pinion, and kept to their proper positions by friction-rol- 
lers. The valves used in this pump are of three kinds, as shown 
ata, J, and e. The former isa spheric segment which slides up and 
down on the piston-rod, and is brought down by its own weight : 
the second, b, is called the pendulum-valve : and the third, c, is 
a globe which is raised hy the rising water, and falls again by 
its own weight. Each of these valves will disengage itself from 
chips, sand, gravel, &c. brought up by the water. In this kind 
of pump the pistons may either be put in motion by a handle 
in the usual way, or a rope may pass round the wheel de in a 
proper groove, the two ends of which, after crossing at the 
lower part of the wheel, may be pulled by one man or more on 
each side. A pump of this kind, with a seven-inch bore, heaves 
a ton twenty-four feet high in a minute, with ten men, five only 
working at a time on each side. 

7. Another improvement of the common pump has been made 
by Mr. Todd ot Hull. This invention in some particulars 
bears a resemblance to the ordinary one, but he has contrived 
to double its powers by the following means : 
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Having prepared the piston-cylinder^ which may be twelve 
feet high, he cuts from the bottom thereof about three feet ; 
at the end of the great cylinder he places an atmospheric-valve, 
and to the top of the small cylinder a serving-valve. In the 
bottom of the small cylinder, which contains the serving-valve, 
is inserted an oblong elliptical curved tube, of equal^ calibre 
with the principal cylinder, and the other end is again Inserted 
in the top of the great cylinder. This tube is divided in the 
same manner as the first cylinder, with atmospheric and serving 
valves, exactly parallel to the valves of the first cylinder. 
The pump, thus having double valves, produces double effects, 
which effects may be still further increased by extending the 
dimensions. 

The cylinder is screwed for service on a male tube-screw, 
which projects fi'om the side of a reservoir or water cistern, and 
is worked by hand. 

The piston-plunger is v/orked by a toothed segment-wheel, 
similar to the principle of the one used in working the chain- 
pumps of ships belonging to the royal navy ; and the wheel 
receives its motion from a hand- winch, which is considerably 
accelerated by a fly-wheel of variable dimensions, at the oppo- 
site end. 

This pump, in addition to its increased powers, possesses 
another very great and prominent advantage. By screwing to 
it the long leather tube and fire-pipe of the common engine, it 
is in a few minutes converted into an effective fire-engine. 
Hence, whoever possesses one may be said to have a convenient 
domestic apparatus against fire. Three men can work it ; one 
to turn the winch, another to direct the fire-pipe, and a third 
to supply the water. 

8. Double, triple, or quadruple pumps, admit o%reat variety 
in their construction, to suit different purposes. The best col- 
lection of these with which we are acquainted is to be found in 
Leupold^ Theatrum Machmarum Hydraulicarum : some in 
this collection are very singular and ingenious, and ^ have par- 
ticular advantages to suit local circumstances, and give them a 
preference. The late I!d!r. Benjamin Blartin invented a curious 
and powerful pump with two pistons, the friction of which .was 
exceedingly small. An admirable engraving of this pump, by 
is given in vol. 20. of Tilloch’s Philosophical Magazine. 
The triple pump, a sketch of which may be seen in fig. 9. pi. 
XXIV. is taken from Bockler’s Theatrum MacUnartm: the 
nature of the machinery by which this pump is worked will be 
sufficiently obvious to any person after an inspection of the 
figure : the horizontal wheel c, and its shaft A, are turned by the 
capstan bars b, this wheel drives the pinion n on the. axle of 
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which is the equalizing jBy K, and the crank F : the rotatory 
motion of the crank alternately raises and depresses the bar 
with the lever H turning on a roller and pivots, and thus works 
the pump 1 : at the same time the connecting rods k move in 
like manner the lever M^and work the pump o ; and the rods k 
move the lever n, and work the pump p. If the levers h, m, n, 
are not so contrived that the extremities of each shall move 
through equal spaces, the bores of i, o, and f, must be made in 
the inverse ratio of those spaces, otherwise one or other of the 
reservoirs may be drawn dry ; a defect that should be carefully 
guarded i^nst. 

9. Mr- H. W. Revely, of King Street, West Bryanstone 
Square, has recently proposed, in Dr. Tilloch’s Mechanic's 
Orachy an improved pump for draining, of which, as it may be 
very advantageously introduced in particular situations, we 
transcribe the account into this collection. 

The principal objects in the construction of this pump arc 
the following. 

To obtain a machine of large dimensions, and of easy 
transportance ; 

To afford sufficient scope for the most advantageous ap- 
plication of the united strength of many men, in raising large 
bodies of water to moderate heiglits, as required in draining 
large tracts of land, sinking foundations, &c. 8cc. 

To prevent, as far as possible, the choking, and final de- 
struction, of the principal parts of the machine, by the impuri- 
ties with which %vater, under such circumstances, is always 
larded.^’ 

PL XLV. fig. 1. Front elevation of the whole machine. 

a, the frame-work, usually constructed of wood, c, c, the 
levers and hand-rails, by which the pumps are worked, as in 
the common fire-engine, two stages, or platforms, on 

which the men stand. A, / 2 , the suction pipe, which branches 
out into two, at the upper part, in order to supply both the 
cylinders. This pipe is divided into short lengths by screw- 
joints, to suit various^ depths. J, J, the double rising-pipe, 
which communicates with the large cistern, or general receiver. 
Xy Xy the cistern, or general receiver, to which the rising-pipe, 
and pump cylinders, are firmly united, the delivering spout. 

N. B. The same letters refer to the same parts in all tlie 
figuitts. 

2. A side section, showing the internal construction of 
the whole. ^ o, the suction valve, p, the rising-valve, r, a small 
a>j^er spring placed behind the rising- valve, in order to ensure 
its closing rapidly. 

Observation . — The valves and their seats arc of an oblong 
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rectangular form, and are made entirely of metal, without any 
fitting whatsoever, so that they can never be out of order. 

Fig. 3* A back view, with a section of one of the cylinders. 
Sy ty the pump-arms, with their pistons attached in the common 
way. ^ . 

Fig. 4, A side view. the spindle, to which the working 

levers and pump-arms are attached, one of the cylinders,^ 
or pump-barrels, which rise a few inches above the bottom of 
the cistern, to a sufficient height to prevent the dirt and stones, 
accumulated in the latter, from falling in, but not so higli as 
to hinder the clear water from flowing into tliem, and keeping 
their pistons free and air-tight, gy a man-hole, through which, 
when necessary, the valves may be cleaned and examined, q, 
a plug, used for the double purpose of discharging the pump 
of its water, and cleaning the belly-part, from time to time, of 
the sand and gravel ’which are deposited there during the 
working. 

Fig. 5. Is a plan of the whole machine, with its levers and 
hand-rails ready for wwk. 

General Ohsermt%ons.’--^t is evident from this construction, 
that the water which is pumped up does not pass through the 
cylinders ; it cannot, therefore, although loaded with sand and 
gravel, injure them in any sensible degree. The pistons, how- 
ever, are constantly working between two waters, and remain 
perfectly free and air-tight. 

The machine, represented by this drawing, has the barrels 
of its pumps of the internal diameter of fourteen inches, and 
the length of each arm of its levers eight feet. 

By placing six men outside, and four men within each hand- 
rail, the united strength of twenty men, acting at the extremity 
of a long lever, may be applied to ’v\"orking this pump ; but in 
ordinary cases, where such an exertion is not requisite, half that 
number will be sufficient. 

The quantity of water raised by this pump will vary accord- 
ing to the depth from which it is to be raised, and the power 
applied. It may be considered, however, in general, to raise 
from SOOO to SOOO cubic feet per hour. 

10. Our attention may now be directed to some of the diflTer- 
ent forms which may be given to the pistons and mlves of a 
pump. 

The great desideratum in a piston is, that while it be as tight 
as possible, it should have as little friction as is consistent with 
this indispensable quality. The common form, when carefully 
executed, possesses these properties in an eminent degree. This 
piston is a sort of truncated cone, generally made of vrood not 
apt to split, such as elm or beech. The small c?nd of it is cut 
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off at the sides, so as to form a sort of arch, by which it is fast* 
ened to the iron rod or spear. The two en<]s of the conical 
part may be hooped with brass. This cone has its larger end 
surrounded with a ring or band of strong leather fastened with 
nails, or by a copper hoop, which is driven on it at the smaller 
end ; the further this end reaches beyond the base of the cone, 
the better ; and the whole must be of uniform tliickness all 
round, so as to suffer equal compression between the cone and 
working baiTel. The seam or joint of the two ends of this band 
must be made very close ; but not sewed or stitched together, 
as that would occasion bumps or inequalities, which would spoil 
its tightness; and no harm can result from the want of it, be- 
cause the two edges will be squeezed close together by the 
compression in the barrel. Nor is it by any means necessary 
that this compression be great : this is a very detrimental error 
of the pump-makers. It occasions enormous friction, and de- 
stroys the very purpose which they have in view, viz. rendering 
the piston air-tight: for it causes the leather to wear througli 
very soon at the edge of the cone, and it also wears the working 
barrel. This very soon becomes wide in that part which is 
continually passed over by the piston, while the mouth remains 
of its original diameter, and it becomes impossible to thrust in 
a piston which shall completely fill the worn part. Now, a very 
moderate pressure is sufficient for rendering the pump perfectly 
tight, and a piece of glove leather would be sufficient for this 
purpose, if loose or detached from the solid cone; for suppose 
such a loose and flexible, but impervious, band of leather put 
round the piston, and put into the barrel ; and let it even be 
supposed that the cone does not compress it in the smallest de- 
gree to its internal surface. Pour a little water carefully into 
the inside of this sort of cup or dish ; it will cause it to swell 
out a little, and apply itself close to the barrel all round, and even 
adjust itself to all its inequalities. Let us suppose it to touch 
the barrel in a ring of an inch broad all round. We can easily 
compute the force with which it is pressed. It is half the weight 
of a ring of water an inch deep and an inch broad. This is a trifle, 
and the friction occasioned by it not worth regarding ; yet this 
trifling pressure is sufficient to make the passage perfectly im- 
pervious, even by the most enormous pressure of a high column 
of incumbent water : for let this pressure be ever so great, the 
pressure by which the leather adheres to the barrel always ex- 
ceeds it, because the incumbent fluid has no prepondentiing 
jx)wer by which it can force its way between them, and it must 
insinuate itself precisely so far, that its pressure on the inside of 
the leather shall still exceed, and only exceed, the pressure by 
which it endeavours to insinuate itself ; and tlius the piston be- 
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comes perfectly tight with the smallest possible friction. This 
reasoning is perhaps too refined for the uninstructed artist, and 
probably wili not persuade him. To such we would recommend 
an examination of the pistons and valves contrived and executed 
by that artist, wliose skill far surpasses our highest conceptions, 
the all-wise Creator of this world. The valves which shut up 
tlie passages of the veins, and this in places where an extrava- 
sation would be followed by instant death, are cups of thin mem- 
brane, which adhere to the sides of the channel about half way 
round, and are detached in the rest of their circumference. 
When the blood comes in the opposite direction, it pushes the 
membrane aside, and has a passage perfectly free. But a 
stagnation of motion allows the tone of the (perhaps) muscular 
membrane to restore it to its natural shape, and the least 
in the opposite direction causes it instantly to clap close to the 
sides of the vein, and then no pressure whatever cjan force a 
passage. We shall recur to this again when describing the 
various contrivances of valves, &c. What we have said is 
enough for supporting our directions for constructing a tight 
piston. But we recommend thick and strong leather, while 
our present reasoning seems to render thin leather preferable. 
If the leatlier be thin, and the solid piston in any part does not 
press it gently to the barrel, there will be in this part an xinba- 
lanced pressure of the incumbent column of water, which would 
instantly burst even a strong leather bag; but when the solid 
piston, covered with leather, exactly fills the barrel, and is even 
pressed a little to it, there is no such risk ; and now that part of 
the leather band which reaches beyond the solid piston performs 
its office in the completest manner. We do not hesitate, there- 
fore, to recommend this form of a piston, which is the most 
common and simple of all, as preferable, when well executed, 
to many of those more artificial, and frequently very ingenious, 
constructions, which we have met with in the works of the first 
engineers. 

Belidor, an author of high reputation, has given tlie de- 
scription ofa piston which he greatly extols, and is undoubtedly 
a very good one, constructed from principle, and extremely 
well composed. 

11. It consists ofa hollow cylinder of metal (pi. XXV. fig. 
22.) pierced with a number of holes, and having at top a 
flanch, whose diameter is nearly equal to that of the working 
barrel of the pump. This flanch has a groove round it. There 
is another flanch below, by which this hollow cylinder is fastened 
with bolts to the lower end of the piston, represented in fig. 23. 
This consists of a plate with a grooved edge similar to ab, and 
an intermediate plate w^hich forms the seat of the valve. The 
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composition of this part is better understood by inspecting the 
figure than by any description. The piston-rod ht. is fixed to 
tlie upper plate by bolts through its different branches at G, g. 
This metal body is then covered with a cylindrical bag of lea- 
ther, fastened on it by cords bound round it, filling up the 
^ooves in the upper and lower plates. The operation of the 
piston is as follows. 

A little water is poured into the pump, which gets past the 
sides of the piston, and Jod^ below in the fixed valve. The 
piston being pushed down dips Into this water, and it gets into 
It by the valve. But as the piston in descending compresses 
the air below it, this compressed air also gets into the inside of 
the piston, swells out the bag which surrounds it, and com- 
presses it to the sides of the working-barrel. When the piston 
is drawn up again, it must remain tight, because the valve will 
shut and keep in the air in its most compressed state ; therefore 
the piston must perform well during the suction. It must act 
equally well when pushed down again, and act as a forcer ; 
for, however great the resistance may be, it will affect the air 
within the piston to the same degree, and keep the leather close 
applied to the barrel. There can be no doubt therefore of the 
pistoffs performing both its offices completely ; but we imagine 
that the adhesion to the barrel will be greater than is necessary : 
it will extend over the whole surface of the piston, and be equally 
great in every part of its surface; and we suspect that the 
friction will therefore be very great. We have very high au- 
thority for supposing that the adhesion of a piston of the com- 
mon form, carefully made, will be such as will make it perfect- 
ly tight ; and it is evident that the adhesion of Belidoris piston 
will be much greater, and it will be productive of worse conse- 
lences. If the leather bag be worn through in any one place, 
^e mp escapes, and the piston ceases to be compressed altoge- 
ther; whereas in the common piston there will very little harm 
result from the leather being worn through in one place, espe- 
cially if it project a good way beyond the base of the cone. 
We still think the common piston preferable. 

1^. Belidor describes another forcing piston, which he had 
executed with success, and prefers to the common wooden 
forcer. It consists of a metal cylinder or cone, having a broad 
flanch united to it at one end, and a similar flanch which is 
screwed on the other end. Between these two plates are a num- 
ber of rings of leather strongly compressed by the two flanches, 
and then turned in a lathe fike a block of wood, till the whole 
fits tight, when dry, into tlie barrel. It will swell, says he, and 
soften with the water, and withstand the greatest pressures. 
We cannot help thinking this but an indifferent piston. When 
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it wears, there is nothing to squeeze it to the barrel. It may 
indeed be taken out and another ring or two of leather put In^ 
or the flanches may be more strongly screwed together: but all 
this may be done with any kind of piston ; and this has there- 
fore no peculiar merit. 

18. The following is, we think, greatly preferable, aecd 
(fig. 24.), is the solid wooden or metal block of the piston ; ef 
is a metal plate, which is turned hollow or dish-like below, so 
as to receive within it the solid block. The piston-rod goes 
through the whole, and has a shoulder above the plate ee, and 
a nut H below. Four screw-bolts also go through the whole, 
having their heads sunk into the block, and nuts above. The 
packing, or stuffing, as it is termed by the workmen, is repre- 
sented at NO. This is made as solid as possible, and generally 
consists of soft hempen twine well soaked in a mixture of oil, 
tallow, and rosin. The plate ef is gently screwed down, and 
the whole is then put into the barrel, fitting it as tight as may 
be thought proper. When it wears loose, it may be tightened 
at any time by screwing down the nuts which cause the edges 
of the dish to squeeze out the packing, and compresses it against 
the barrel to any degree. 

The greatest difficulty in the construction of a piston is to 
give a sufficient passage through it for the water, and yet allow 
a firm support for the valve, and fixture for the piston-rod. 
It occasions a considerable expense of the moving power to 
force apiston with a narrow perforation through the water lodged 
in the working barrel. When we are raising water to a 
small height, such as 10 or 20 feet, the power so expended 
amounts to a fourth part of the whole, if the water-way in the 
piston is less than one-half of the section of the barrel, and the 
velocity of the piston two feet per second, which is very moder- 
ate. There can be no doubt, therefore, that metal pistons are 
preferable, because their greater strength allows much wider 
apertures. 

14. The following piston, described and recommended by 
Belidor, seems as perfect in these respects as the nature of 
things will allow. We shall therefore describe it in the authoris 
own words, as a model which may be adopted with confidence 
in the greatest works. 

The body of the piston i^ a truncated metal cone ccxx 
(fig. 25.), having a small fillet at the greater end. Fig. 26 i 
shows the profile, and fig. 27, the plan of its upper base ; where 
appears a cross bar no, pierced with an oblong mortise e for 
receiving the tail of the piston-rod. A band of thick and 
uniform leather aa (fig. 26. and 28.) is put round this cone, 
and secured by a brass hoop bb firmly driven on smaller 
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end, where it is previously made thinner to give room for the 
hoop. 

This piston is covered with a leather valve, fortified with 
metal plates go (fig, These plates are wider than the 

hole of the piston, so as to rest on its rim. There are similar 
plates below the leather, of a smaller size, that they may go into 
the hollow of the piston ; and the leather is firmly held be- 
tween the metal plates by screws h, h, which go through all. 
This is represent^ by the dotted circle ik. Thus the pressure 
of the incumbent column of water is supported by the plates 
GG, whose circular edges rest on the brim of the water-way, 
and thus straight edges rest on the cross-bar on of fig. 26 and 
27* This valve is laid on the top of the conical box in such a 
manner that its middle ff rests on the cross-bar. To bind all 
together, the end of the piston-rod is formed like a cross, and 
the arms iMN ffig. 30.) are made to rest on the diameter ff of 
the valve, the tail ep going through the hole e in the middle 
of the leather, and through the mortise e of the cross-bar of 
the box ; as well as through another bar qr (fig. 28, and 29.) 
which is notched into the lower brim of the box. A key v 
is then driven into the hole t in the piston-rod; and this 
wedges all fast. The bar qe is made strong ; and its extremi- 
ties project a little, so as to support the brass hoop eb which 
binds the leather band to the piston-box.’’ 

This piston has every advantage of strength, tightness, and 
large water-way. The form of the valve (which has given it the 
name of the butterjly-^mlve) is extremely favourable to the passage 
of the water ; and as it has but half the motion of a complete 
circular valve, less water goes back while it is shutting. 

15. The following piston is also ingenious, and has a good 
deal of merit, oppo (pi. XXIV. fig. 5.) is the box of the pis- 
ton, having a perforation o, covei*ed above with a flat valve ic, 
which rests in a metal plate that forms the top of the box. 
ABCBA is a stirrup of iron to which the box is fixed by screws 

a, a, whose heads are sunk in the wood. This stirrup is 
perforated at c, to receive the end of the piston-rod, and a nut 
H is screwed on below to keep it fast, befed is another stir- 
rup, whose lower part at on forms a hoop like the sole of a stir- 
rup, which embraces a small part of the top of the wooden box. 
The lower end of the piston-rod is screwed ; and before it is put 
into the holes of the two stirrups (through which holes it slides 
freely), a broad nut g is screwed on it. It is then put into 
the hrfes, and the nut h firmly screwed up. The packing 
ER is then wound about the piston as tight as possible, till it 
completely fills the working-barrel of the pump. When long 
use has rendered it in any degree Ipose, it may be tightened 
again by screwing down the nut g. This causes the ring nn 
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to compress the packing between it awl the projecting shoulder 
of the box at pp; and thus causes it to swell oiit^ and apply it- 
self closely to the barrel, Prony, in his Architecture Hydrau- 
lique, ascribes this invention to M. Bettancourt. 

16. We shall add only another form of a perforated piston ; 
which being on a principle different from all the preceding, will 
suggest many others; each of which will have its peculiar ad- 
vantages. oo in fig. 3. pi. XXIV. represents the box of this 
piston, fitted to the working-barrel in any of the preceding ways 
as may be thought best, ab is a cross-bar of four arms, which 
is fixecl to the top of the box. ce is the piston-rod going through 
a liole in the middle of ab, and reaching a little way beyond 
the bottom of the box* It has a shoulder b, which prpents its 
going too far through. On the lower end there is a thick metal 
plate, turned conical on its upper side, so as to fit a conical seat 
pp in the bottom of the piston-box. 

When the piston-rod is pushed down, the friction on the 
barrel prevents the box from immediately yielding. The rod 
therefore slips through the hole of the cross-bars ab. The plate 
e therefore detaches itself from the box. When the shoulder 
B presses on the bar ab, the box must yield, and be pushed 
down the barrels, and the water gets up thi^ough the perforation. 
When the piston-rod is drawn up again, the box does not move 
till the plate e lodges in the seat pp, and thus shuts the water- 
way ; and then the piston lifts the water which is above it, and 
acts as the piston of a sucking-pump. 

This Is a very simple and effective construction, and makes a 
very tight valve. It has been much recommended by engineers 
of the first reputation, and is frequently used ; and, from its 
simplicity, and the great solidity of which it is capable, it seems 
very fit for great works. But it is evident that the water-way 
is limited to less than one-half of the area of the v^orking-bar- 
rel . For, if the perforation of the piston be one-half of the area, 
the diameter of the plate or ball ef must be greater ; and there- 
fore less than half the area will be left for the passage of the 
water by its sides. 

17. We come now to consider briefly the forms which may 
be given to the ^valves of an hydraulic engine. 

T^^^ of a valve are, that it shall be tight, of suf- 

ficient strength to resist the great pressures to which it is 
exposed, that it afford a sufficient passage for the water, 
and that it do not allow much to go back while it is shut- 
ting. 

The buttei fly-valve represented in figures 29, &c. is free from 
most of the inconveniences, and seems the most perfect, of the 
clack valves. Some engineers make their great valves of a py- 
ramidal form, consisting of four clacks, whose hinges are in the 
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drciimference of the water-way, and which meet with their 
points in the middle, and are supported by four ribs wliich rise 
up from the sides, and unite in the middle. This is an excel- 
lent form, affording the most spacious water-way, and shutting 
very readily. It seems to be the best possible for a piston. The 
rod of the piston is branched out on four sides, and the branches 
go through the piston-box, and are fastened below with screws. 
These branches form the support for the four clacks. We have 
seen a valve of this form in a pump of six feet diameter, which 
discharged ^ hogsheads of water every stroke, and made 1 2 
strokes in a minute, raising the water above feet. 

IS. There is another form of valve, called the button or tail^ 
wlm. It consists of a plate of metal ab (fig. 4. pL XXIV.) 
turned conical, so as exactly to fit the conical cavity ah of its 
box. A tail cn projects from the under side, which passes 
through a cross-bar ef in the of the box, and has a 

little knob at the end, to hinder the valve from rising too high. 

This valve, when nicely made, is unexceptionable. It has 
great strength, and is therefore proper for all severe strams, and 
it may be made perfectly ti^ht by grinding. Accordingly it is 
used m all cases where this is of indispensable consequence. It 
is most durable, and the only kind that will do for passages 
where steam or hot water is to go through. Its only imperfec- 
tion is a small water-way; which, from w^hat has been said, can- 
not exceed, nor indeed equal, one-half of the area of the pipe. 

If vfo endeavour to enlarge the water-way, by giving the 
cone very little taper, the valve frequently sticks so fast in the 
seat that no force can detach them . — And this sometimes hap- 
pens during the working of the machine ; and the jolts and 
blows given to the machine in taking it to pieces, in order to 
discover what has been the reason that it has discharged no 
water, frequently detaches the valve, and we find it quite loose, 
and cannot tell what has deranged the pump. When this is 
guarded against, and the diminution of the water-way is not of 
very great consequence, this is the best form of a valve. 

19. Analogous to this is the simplest of all valves. It is 
nothing more than a sphere of metal, to which is fitted a seat 
with a small portion of a spherical cavity. Nothing can be 
more effectual than this valve; it always tails into its proper 
place, and in every position fits it exactly. Its only imperfec- 
tion is the great diminution of the water-way. If the diameter of 
the spheredo not considerably exceed that of the bole, the touching 
parts have very little taper, and it is very apt to stick fasst. It 
opposes much less resistance to the passage of the water than the 
flat under-surface of the button- valve. The spherical valve must 
not be made too light, otherwise it will be hurried up by the 
water, and much may go back while it is returning to its place. 
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Beliclor describes with great minuteness (voL is* p, 221, &c.) 
a valve which unites every requisite* But it is of such nice 
and delicate construction, and its defects are so great when this 
exactness is not attained, or is impaired by use, that we think 
it hazardous to introduce it into a machine in a situation where 
an intelligent and accurate artist is not at hand. For this rea- 
son we have omitted the description, which cannot be given in 
few words, nor without many figures; and desire our curious 
readers to consult that author, or peruse Dr. Desagullers’’s trans- 
lation of this passage. Its principle is precisely the same with 
the following rude contrivance. 

20. Suppose A BOB (fig. 2. plate XXIV.) to be a square 
wooden trunk, ef is a piece of oak board, exactly fitted to the 
trunk in an oblique position, and supported by an iron pin 
which goes through it at i, one-third of its length from its lower 
extremity e. The two ends of this board are bevelled, so as to 
apply exactly to the sides of the trunk. It is evident, that if a 
stream of water come in the direction ba, its pressure on the 
part IF of this board will be greater than that upon ei • It will 
therefore force it up and rush through, making it stand almost 
parallel to the sides of the trunk. To prevent its rising so far, 
a pin must be put in its way. When this current of water 
changes its direction, the pressure on the upper side of the board 
being again greatest on the portion if, it is forced back again 
to its former situation ; and its tw^o extremities resting on the 
opposite sides of the trunk, the passage is completely stopped. 
This board therefore performs the office of a valve ; and this 
valve is the most perfect that can be, because it offers the freest 
passage to the water, and it allows very little to get back while 
it is shutting ; for the part lE brings up half as much water as 
IF allows to go down. It may be made extremely tight, by 
fixing’ two thin fillets h and g to the sides of the trunk, and 
covering those jiarts of the board with leather which apply 
to them ; and in this state it perfectly resembles Belidoris fine 
valve. 

21, Tliis construction of the valve suggests, by the way, a 
form of an occasional pump, which may be quickly set up by 
any common carpenter, and will be very effectual in small 
heights. Let ahch (fig. 2.) be a square box made to slide along 
this wooden trunk without shake, having two of its sides pro- 
jeeting upwards, terminating like the gable ends of a house. A 
piece of wood ^ is mortised into these two sides, and to this the 
piston-rod is fixed. This box being furnished with a valve 
similar to the one below, will perform the office of a piston. 
If this pump be immersed so deep in the water that the piston 
shall also be under water, we scruple not to say that its perform- 
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ance will be equal to any. The piston may be made abundantly 
tight, by covering its outside neatly with soft leather. And as 
no pipe can be bored with greater accuracy than a very or- 
dinary workman can make a square trunk, we think this 
pump will not be very deficient even for a considerable suc- 
tion. 

Thus much will, we hope, suffice for the descriptive part of 
these useful machines : as to the theory of the motion of water 
in pumps, at the same time that it is extremely intricate, it 
presents but few results that are of any practical utility. The 
curious student may be referred to the MaschinenleJire of 
Langsdorf, the HydrodymnAque of Bossut, the Hydraulique 
of Boat, Hachette’s Traile EUmentaire dc$ Machines^ the 
Architecture Hydraulique of Prony, and the article Pump^ in 
the Encyclopaedia Britannica. The last two pieces have fur- 
nished us with the most valuable parts of the present article. 
Some remarks on the variable motion of the piston-rod may be 
seen under the title parallel motion in this volume. 

PYROMETER, a machine contrived to measure the ex- 
pansion of metals, and other bodies, occasioned by heat. 

Muschenbroeck was the original inventor of the Pyrometer: 
the nature and construction of Iiis instrument may be under- 
stood from the following account. If we suppose a small bar of 
metal, or 15 inches in length, made fast at one of its extre- 
mities, it is obvious that if it be dilated by heat it will become 
lengthened, and its other extremity will be pushed forwards. 
If this extremity then be fixed to the end of a lever, the other 
end of which is furnished with a pinion, adapted to a wheel, and 
if this wheel move a second pinion, the latter a third, and so on, 
it will be evident that by multiplying wheels and pinions in 
tills manner, the last will have a very sensible motion ; so that 
the moveable extremity of the small bar cannot pass over the 
hundredth or thousandth part of a line, without a point ot the 
circumference of the last wheel passing over several inches. If 
this circumference then have teeth fitted into a pinion, to which 
an index is attached, this index will make several revolutions, 
when the dilatation of the bar amounts only to a quantity alto- 
gether insensible. The portions of this revolution may be 
measured on a dial-plate, divided into equal parts ; and by means 
of the ratio which the wheels bear to the pinions, the absolute 
quantity which a certain degree of heat may have expanded the 
small bar can be ascertained : or, conversely, by the dilatation 
of the small bar the degree of heat which has been applied to 
it may be determined. 

Such is the construction of Muschenbroeck*’s pyrometer. It 
is necessary to observe that a small cup is adapted to the ma- 
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It is to be observed of tin, that it will easily melt, when bitted 
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chine, in order to receive the liquid or fused matters, subjected 
to experiment, and in which the bar to be tried is immersed. 

When it is required to measure, by this instrument, a con- 
siderable degree of heat, such as that of boiling oil or fused 
metal, fill the cup with the matter to be tried, and immerse the 
bar of iron into it* The dilatation of the bar, indicated by the 
index, will point out the degree of heat it has assumed, and 
which must necessarily be equal to that of the matter into which 
it is immersed. 

This machine evidently serves to determine the ratio of the 
dilatation of metals, &c.: for by substituting in the room of the 
pyrometric bar other metallic bars of the same length, and then 
exposing them to an equal degree of heat, the ratios of their 
dilatation will be shown by the motion of the index. 

Muschenbroeck has given a table of the expansion of the 
different metals, in the same degree of heat. Having prepared 
cylindric rods of iron, steel, copper, brass, tin, and lead, he 
exposed them first to ^ pyrometer with one flame in the middle ; 
then with two flames; and successively to one with three, four, 
and five flames. But previous to this trial, he took care to cool 
them equally, by exposing them some time upon the same 
stone, when it began to freeze, and Fahrenheit’s thermometer 
was at thirty-two degrees. The effects of these experiments are 
digested in the following table, where the degrees of expansion 
are marked in parts equal to the of an inch. 
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by two flames placed together* Lead commonly melts with 
three flames, placed togette, especially if they burn long. 

From these experiments, so Jar as they are correct, it appears, 
at first view, that iron is the least expanded of any of these metals, 
whether it be heated by one or more flames ; and therefore is 
most proper for making machines or instruments which we 
would have free from any alterations by heat or cold, as the 
rods of pendulums, for clocks, &c. So likewise the measures 
of yards or feet should, if of metal, be made of iron, that their 
length inay be as nearly as possible the same, summer and 
winter. The expansion of lead and tin, by only one flame, is 
nearly the same ; that is, almost double of the expansion of iron. 
It is likewise observable, that the flames placed together cause 
a greater rarefaction than when they have a sensible interval 
between them; iron, in the former case, being expanded 117 
degrees, and only 1^ in the latter ; the reason of which differ- 
ence is obvious. By comparing the expansions of the same 
metal, produced by one, two, three, or more flames, it appears, 
that two flames do not cause double the expansion of one ; nor 
three flames three times that expansion, but always less ; and 
these expansions differ so much the more from the ratio of the 
number of flames, as there are more flames acting at the same 
time. It is also observable, that metals are not expanded equally 
at the time of their melting, but some more, some less. Thus 
tin began to run, when rarefied SI 9 degrees ; whereas brass was 
expanded 877 degrees, and yet was far from melting. 

By the help of this instrument Mr. Ellicott found upon a 
medium, that the expansions of bars of different metals, as 
nearly of the same dimensions as possible, by the same degree 
of heat, were as follow : 

Gold, Silver, Brass, Copper, Iron, Steel, Lead, 

73 , 103 95 89 60 56 149 

The great difference between the expansions of iron and 
brass has been applied with good success to remedy the irregu- 
larities in pendulums arising from heat. . (Phil. Trans, vol. 
xlvii. p, 485.) See Pendulum. 

^ Mr. Graham used to measure the minute alterations, in 
length, of metal bars, by advancing the point of a micrometer- 
screw, till it sensibly stopped against the end of the bar to be 
measured. This screw, being small and very lightly hung, was 
capable of agreement within the three or four-thousandth part 
of an inch. On this general principle Mr. Smeaton contrived 
his pyrometer, in which the measures are determined by the 
contact of a piece of metal with the point of a micrometer-screw. 
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The following table shows how much a foot in length of each 
metal grows longer by an increase of heat, corresponding to 
180^ of Fahrenheit’s thermometer, or to the difference between 
freezing and boiling water, expressed in parts of which the 
unit is equal to the 10*000 part of an inch* 


!• White glass barometer tube, - - - - - 

2. Martial regulus of antimony, - - - - « - 

3* Blistered steel, - ^ • 

4. Hard steel, - - - - « 

5. iron, « -■ - , 

6. Bismuth, - - - - - - - - - - - - * 

7. Copper, hammered, - - - - - • « - - 

8. Copper eight parts, with tin one, - - - > - 

9. Cast brass, - - - - - - > ^ ^ - V" 

10. Brass sixteen parts, with tin one, * . ^ - 

IL Brass wire, - - - - * - - - - - - 

12. Speculum metal, - - - - - - - 

13. Spelter solder, viz. brass two parts, zinc one, 

14. Fine pewter, - - - - - • « - - - • - 

15. Grain tin, ------------- 

16. Soft solder, viz. lead two, tin one, - - - - - 

17. Zinc eight parts, with tin one, a little hammered, 

18. Lead, - - - - - - - - - - - « - - 

19. Zinc or spelter, - - • * " - • - " • 

20. Zinc hammered half an inch per foot, - - - - 


See, for a more copious table, Mr. Bailey’s paper on the 
mercurial pendulum in vol. l . Transactions of the Astrono- 
mical Society of London. 

M, de Luc, in consequence of a hint suggested to him by the 
late Mr. Ramsden, invented a pyrometer, the basis of which is a 
rectangular piece of deal board two feet and a half long, 15 
inches broad, and one inch and a half thick ; and to this ail the 
other parts are fixed. This is mounted in the manner of a table, 
with four deal legs, each afootlongand anitich and^ half square, 
wellfitted near its four angles, and kept together at the other ends 
by four firm cross pieces. This small table is suspended by a hook 
to a stand; the board being in a vertical situation in the direc- 
tion of its grain, and bearing its legs forward in such a manner 
as that the cross-pieces which join them may form a frame, 
placed vertically facing the observer. This frame sustains a 
microscope, which is firmly fixed in another frame, that moves 
in the former by means of grooves, but with a very considerable 
degree of tightness; the friction of which may be increased by 
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the pressure of four screws. The inner sliding frame, which 
is likewise of deal, keeps the tvhe of the microscope in a hori- 
zontal position, and in part without the frame, insomuch 
that the end which carrises the lais is but little within the space 
tetween the frame and the board. This microscope is con- 
structed in such a manner as that the object observed may be 
an inch distant from the lens ; and it has a wire which is situated 
in the focus of the glasses, in which the objects appeared re- 
varsed. At the t(m of the apparatus, there is a piece of deal, 
an inch and a half thick and two inches broad, laid in a hori- 
zontal direction from the board to the top of the frame. To 
this piece the rods of the different substances, whose expansion 
by heat is to be measured, are suspended : one end of it slides 
into a socket, which is cut in die thickness of the board ; and 
the other end, which rests upon the frame, meets there with 
a screw which makes the piece move backward and forward, to 
bring the objects to the focus of the microscope. There is a 
cork very strongly driven through a hole bored vertically 
through this piece ; and in another vertical hole made through 
the cork, the rods are fixed at the top ; so that they hang only, 
and their dilatation is not counteracted by any pressure. In 
order to heat the rods, a cylindrical bottle of thin glass, about 
SI inches high, and four inches in diameter, is placed in the 
inside of the machine, upon a stand independent of the rest of 
the apparatus. In this bottle the rods are suspended at a little 
less than an inch distance from one of the insides, in order to 
have them near the microscope. Into it is poured water of differ- 
ent degrees of heat, which must be stirred about, by moving 
upwards and downwards, at one of the sides of the bottle, a 
little piece of wood, fastened horizontally at the end of a stick * 
in this water is hung a thermometer, the ball of which reaches 
to.th^ middle of the height of the rods. During these opera- 
tions the water rises to the cork, which thus determines the 
length of the heated part ; the bottle is covered, to prevent the 
water from cooling too rapidly at the surfaces and a thin case 
of brass prevents the vapour from fixing upon the piece of deal 
po which the rods are fixed. 

The date Mr. Ferguson also invented two pyrometers, de- 
scriptions and figure of which are ^ven in his Lectures. 

^ Mr* Wedgwood, the ingenious manufacturer of the finest 
tiasaltic naass^, or terra ha^ contrived a 
CiMious pyrometer? beemplpyssmallcubesof dry clay ; because 
that specie of earth has the remarkable property of contractmg 
in its bulk, wb^, submitted tothefir^ and not again expanding 
on suddenly exposing & to the cold air. In ord^ to ascertain 
tite' precise d^ree in*an oieiij he ,pii,ts .mm., of Ms clay 
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cubes into it ; and, after having acquired the temperature of the 
place, he immediately plunges it into cold water. Now, the 
size of the cube (that was exactly adjusted to half an inch 
sqtiare) is m^sured between two brass rules, the sides of which 
are somewhat obliquely disposed, ^o as to form an inclining 
groove, into which the cube may be slidden. In proporUon as 
the bulk of the latter has been contmctad by heat, it pas^s 
down deeper between the scales, on which the various degr^ 
of temperature have been previously marked. Thus, when the 
division of the scale commences from the point of red heat 
visible in day-light, and the whole range is divided into 240 
equal parts, it wm be found that Swedish copper melts at 28;. 
gold at 32; iron at from ISO to 150 degrees; above this point, 
the cubes could not be heated. But if one of these clay squares 
be put into an oven where other mater&ls, such as bread, 
earthenware, &c. are to be baked, th^ tnay be usefully em- 
ployed, for regulating the necessary degree of heat. 

M. Fourmy has lately given, in iAiB J(mm€d des Mines^ 
a paper On the Thermometers of baked Earths, termed 
Pyrometers in which he shows that the effect of shrinkingy 
upon which Wedgwood’s pyrometer is founded, does not result 
solely and invariably from the cause to which it is ascribed ; 
that It is not necessarily proportionate to it ; that whatever may 
be the graduation and the continuity of temperature applied 
to an aluminous mixt, its shrinking is not only not necessarily 
graduated, or necessarily continuous, but it also does notalways 
n^essarily take place ; and therefore that a pyrometer founded 
upon such shrinking does not afford so constant and accurate 
a measure for the highest degrees of heat, as the dilatation of 
mercury or of alcohol does for the lower. A translation of M. 
Fourmy’s observations is inserted in the Repertory qfArU^ ^c 
No. 38. N. S. 

Mr. Gurney has lately invented and exhibited in his lectures, 
a pyrometer for ascertaining the relative expansibility of the 
various metals which can be drawn into wire, of which the 
following account has been published in the Register of Arts 
cmd Scmices. 

The wire, a, (fig. 4. pi. XLIV.) being attached at the lower 
end to a peg, is passed successively round four or five little 
pulley wheels, fixed by their axles upon a piece of board, and 
arranged in tlxe manner shown. From the uppermost pulley 
the wire proceeds out of the vessel and passes over a small 
central wheel h of the dial plate, and from thence descending, 
a weight e is appended to that end, which preserves^ the wire 
in a stBte of tension. Thus prepared, the apparatus is immersed 
in a vessel of water or other fluid heated to any desired tern- 
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perature, which is ascertained by a thermometer being sus- . 
peiided therein. The ^pansion that then takes place by the 
increase of heat is accnrately denoted by the index b on the 
graduated scdle of the dhil, the index being fixed to the central 
wheel moves round as the wire elongates. Upon abstracting 
the heat, the wire contracts, and draws back the wheel and 
index to its oririnal position. 

. By this excellent contrivance it is evident that a table of the 
expansibility of the metals, at given temperatures, may be 
formed with the utmc^t precision, which would become in- 
formation of a most desimble nature in many branches of the 
arts but particularly in the construction of time-pieces. 

The sketch for the engraving was made from memory, so 
that the central wheel of the dial on which the index is fixed 
is drawn rather too large in proportion ; for indeed it must be 
obvious that the smaller the dimensions of this wheel, and the 
larger those of the dial, the more sensible and delicate will be 
the indications of expansion. If the little wheel were to be 
one inch in circumference, and the circle of the scale 100 
inches, then the elongation of wire to the extent of a tenth of 
an inch would cause the index to move over a space of ten 
iiiches. We understand that Mr. Gurney constructed one on 
these principles^ that showed even the variations in the tem- 
perature of the atmosphere with very great exactness. 

KAMSDEN’s Machine Jot dividing Mathematical 
Insteuments is a useful invention, by which these divisions 
can he performed with exceedingly great accuracy, such as 
would formerly have been deemed incredible. On discovering 
the method of constructing this machine, its inventor, Mr. Jesse 
Ilamsden, received 6 1 5h from the commissioners of longitude ; 
engaging himself to instruct a certain number of persons, not 
exceeding ten, in the method of making hnd using this machine, 
from the 28th October 1775, to 28th October 1777: also bind- 
ing himself to divide all octants and sextants by the same 
engine, at the rate of three shillings for each octant, and six 
shillings for each brass sextant, with Nonius's divisions to half- 
minutes, for as long time as the commissioners should think, 
proper to let the engine remain in his possession. Of this sum 
of 615/. paid to Mr. Ramsden, 3CX)i?. were given him as a 
reward for the improvement made by him in discovering the 
engine, and the remaining 315/. for his giving up the property 
of it to the commissioners. The following description of the 
engine is that given upon oath by Mr. Ramsden himself. 

This engine consists ofn large wheel of bell-metal, sup-r 
ported on a mahogany stand, having three legs, which are 
strongly connected together by braces, so as to make ij; perT 
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fectly steady. On each leg of the stand is placed a conical 
friction-pulley, whereon the dividing wheel rests : to prevent the 
wheel from sliding off the friction-pulleys, the bell-metal centre 
under it turns in a socket on the top of die stand. 

The circumference of the wheel is ratched or cut (by a 
method which will be described hereafter) into 2160 teeth, in 
which an endless screw acts. Six revolutions of the screw will 
, move the wheel a space equal to one degree. 

Now a circle of brass being fixed on the screw arbor, 
having its circumference divided into 60 parts, each division will 
consequently answer to a motion of the wheel of 10 seconds, six 
of them will be equal to a minute, &c. 

Several diiSferent arbors of tempered steel are truly ground 
1 into the socket in the centre of the wheel. The upper parts of 

f the arbors that stand upon the plane are turned of various sizes, 

to suit the centres of difierent pieces of work to be divided, , 

** W hen any instrument is to be divided, the centre of it is 
very exactly fitted on one of these arbors ; and the instrument 
is fixed down to the plane of the dividing wheel, by means of 
screws, which fit into holes made in the radii of the wheel for 
that purpose. 

The instrument being thus fitted on the plane of the wheel, 
the frame which carries the dividing point is connected at one 
end by finger screws with the frame which carries the end- j 

less screw ; while the other end embraces that part of the steel j 

arbor which stands above the instrument to be divided, by an ! 

angular notch in a piece of hardened steel: by this means | 

both ends of the frame are kept perfectly steady, and free from 
■ any shake. I 

The frame carrying the dividing-point or tracer is made to : 

slide on the frame which carries the endless screw to any di- ^ 

stance from the centre of the wheel as the radius of the instru- 
ment to be divided may require, and may be there fastened by 
tightening two clumps ; and the dividing-point or tracer being 
connected with the clumps by the double jointed frame, admits 
^ a free and easy motion towards or from the centre for cutting 

the divisions, without any lateral shake. 

From what has been said, it appears that an instrument 
thus fitted on the dividing-wheel may be moved to any angle 
by the screw and divided circle on its arbor, and that this angle 
may be marked on the limb of the instrument with the greatest 
exactness by the dividing-point or tracer, which can only move 
in a direct line tending to the centre, and is altogether freed 
from those inconveniences that attend cutting by means of a 
straight edge. This method of drawing lines will also pr^v^nl; 
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mj ejtmr that might arke from an expansion or contraction 
of the metal during the diyiding. 

The screw frame is fixed on the top of a conical pillar, 
which turns fieely round itaaxis, and also moves freely towards 
or from the centre of the wheel, so that the screw-frame may be 
mtirely guided by the franae which connects it with the centre : 
by this means any eccentricity of the wheel and the arbor would 
not produce any error in the dividing; and by a particular 
qontrivance (which will he descrited hereafter), the screw when 
pressed against the teeth of the wheel always moves parallel to 
it^f ; so that a Ime joining the centre cf the arbor and the 
tracer continued will always make equal angles with the screw. 

^ F%. 1. in pL XXVI. represents a perspective view of the 

Fig. in pi XXVIL is a plan, of which fig. 3. represents 
a section on the line n A. 

The large wheel a is 45 inches in diameter, and has ten 
radii, each being supported by edge-bars, as represented in fig. 
S. These bars and radii are connected by the circular ring b, 
24 inches in diameter and S deep; and, for greater strength, 
the whole is cast in one piece in bell-metal. 

As the whole weight of the wheel a rests on its ring b, the 
.edge bars are deepest 'vriiere they join it ; and from thence their 
depth diminishes, both towards the centre and circumference, as 
represented in fig. 3. 

The surface of the wheel a was worked very even and 
flat, and its circumference turned true. The ring c, of fine 
brass, was fitted very exactly on the circumference of the 
wheel; and was fastened thereon with screws, which after 
being screwed as tight as possible, were well riveted. The 
face of a large chuck being turned very true and flat in the lath^ 
^e flattened surface a (fig. 3u) of the wheel was fastened against 
it with holdfasts; and the two surfaces and circumference of 
the ring a hole through the centre and the plane part round 
[b] it, and the lower edge of the ring b, were turned at the same 
time. 

D is a piece of hard bell-metal, having the hole, which 
receives the steel arbor [d], made very straight and true. This 
bell-metal was turned very true on an arbor; and the face, 
wMch r^ts on a wheel at [b], was turned very flat, so that 
the steel arbor [d] might stand perpendicular to the plane of 
the wheel : this belbmetal was fastened to the wheel by six 
steel tcmm PJ,,., 

A brass ^ket z is fastened on the centre of the mahogany 
stand, and fec^ivas dae lower part of the belLmetal piece n, 
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being made to touch the bell-met^l in a narrow pail; near the 
mouth, to prevent any obliquity of the wheel from bending the 
arbor : good fitting is by no means necessary here; since any 
shake in this socket will produce no bad effect, as will appear 
hereafter when we describe the cutting-frame. 

The wheel was then put on its stand, the lower edge of the 
ring B (fig. 1, £, and 3.) resting on the circumference of three 
conical friction-pulleys w, to facilitate its motion round its 
centre. The axis of one of these pulleys is in a line joining 
the centre of the wheel, and the middle of the endless screw, 
and the other two placed so as to be at equal distances from 
each other. 

(Fig- !•) is a block of wood strongly fastened to one of 
the legs of the stand; the piece [g] is screwed to the upper side 
of the block, and has half-holes, in which the transverse axis 
[h] (fig. 4.) turns; the half holes are kept together by the 
screws [i]. 

The lower extremity of the conical pillar p (fig. 1 and 4.) 
terminates in a cylindrical steel pin [k], (fig. 4.) which passes 
through and turns in the transverse axis [h], and is confined 
by a cheek and screw. 

‘‘ To the upper end of the conical pillar is fastened the frame 
G, (fig. 4.) in which the endless screw turns : the pivots of the 
screw are formed in the manner of two frustums of cones joined 
by a cylinder, as represented at x (fig. 5 .)* These pivots m’e 
confined between half-poles, which press only on the conical 
parts, and do not touch the cylindric parts ; the half-holes are 
kept together by screws [a] which maybe tightened at any 
time, to prevent the screw from shaking in the frame. 

On the screw-arbor is a small wheel of brass k (fig. 1, 2, 
4, 5.), having its outside edge divided into 60 parts, and num- 
bered at every 6th division with 1, &c. to 10. The motion 

of this wheel is shown by the index [y] (fig. 4 and 5.) on the 
screw- frame g. 

H (fig. 1.) represents a part of the stand, having a parallel 
slit in the direction towards the centre of the wheel, large 
enough to receive the upper part of the conical brass pillar p, 
which carries the screw and its frame : and as the resistance, 
when the wheel is moved by the endless-screw, is against the 
side of the slit h which is towards the left hand, that side of the 
slit is faced with brass, and the pillar is pressed against it by a 
steel spring on the opposite side : by this means the pillar is 
strongly supported laterally, and yet the screw may be easily 
pressed from or against the circumference of the wheel, and the 
pillar will turn freely on its axis to take any direction given it 
by the frame l. 
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At each corner of die piece i (fig. 4rJ) are screws [n] of 
tempered steel, having polished ccmical points : two of them 
turn in conical holes in the screw-frame near [o], and the points 
of the other two screws turn in the holes in the piece o ; the 
screws [p] are of steel, which being tightened, prevent the 
conical pointed screws from nnturning when the frame is 
moved. 

1 . (fig, i, 2, 6.) is a brass frame, which serves to connect 
the endless screw, its frame, &c. with the centre of the wheel : 
each arm of this frame is terminated by a steel screw, that may 
be passed, through any of the holes [q] in the piece g (fig. 4.), 
as the thickness of work to be divided on the wheel may require, 
and are fastened by the finger-nuts [r] (fig. 1 and 2.) 

At the other end of this frame is a flat piece of tempered 
steel [b] (fig. 6.), wherein is an angular notch : when the end- 
less-screw is pressed against the teeth of the circumference of 
the wheel, which may be done by turning the finger-screw s 
(fig. 1. and 2.) to press against the spring [t], this notch em- 
braces and presses against the steel arbor [d]. This end of 
the frame may be raised or depr^sed by moving the prismatic 
slide [u] (fig. 2.) which may be fixed at any height by the 
four steel screws [v] (j^. 1, 2, 6.) 

The bottom, of this slide has a notch [k] (fig. 1. and 6.), 
whos© plane is parallel to the endless-screw ; and by the point 
of the arbor [d] (fig. S.) resting in this notch, this end of the 
frame is prevented from tilting. The screw s (fig. 1,2.) is 
prevented from unturning, by tightening the finger-nut [w]. 

The teeth on the circumference of the wheel were cut by 
the following method : 

Having considered what number of teeth on the circum- 
ference would be most convenient, which in this engine is 2160, 
or 360 miiltiplied by 6, 1 made two screws of the same dimen- 
sions^ of tempered steel, in the manner hereafter described, the 
interval between the threads being such as I knew by calculation 
w^ould come within the limits of what might be turned off the 
circumference of the wheel: one of these screws, which was in- 
tended for ratching or cutting the teeth, was notched across the 
threads, so that the screw, when pressed against the edge of the 
wheel and turned round, cut in the manner of a saw. Then 
having a segment of a circle a little greater than 60 degrees, of 
about the same radius with the wheel, and the circumference 
made true, from a very fine centre, I described an arch near the 
edge, and set off the chord of 60 degrees on this arch. This 
s^ment was put in the place of the wheel, the edge of it was 
ratdhed, and the number of revolutions and parts of the screw 
contained between the interval of the 60 degrees were counted. 



The radius was corrected in the proportion of 360 revolutions, , 
which ought to have been in 60 degrees, to the number actually 
found ; and the radius, so corrected, was taken in a pair of 
beam-compasses : while the wheel was on the lathe, one foot of 
the compasses was put in the centre, and with the other a circle 
was described on the ring; then half the depth of the threads 
of the screw being taken in dividers, was set from this circle 
outwards, and another circle was described cutting this point ; 
a hollow was then turned on the edge of the wheel of the same 
curvature as that of the screw at the bottom of the threads : the 
bottom of this hollow was turned to the same radius or distance 
from the centre of the wheel, as the outward of the two circles 
before mentioned. 

The wheel was now taken oflF the lathe ; and the bell-metal 
piece n (fig. 3.) was screwed on as before directed, which after 
this ought not to be removed. 

From a very exact centre a circle was described on the 
ring c (fig. 1, 2, 3.) about of an inch within where the bot- 
tom of the teeth would come. This circle was divided with the 
greatest exactness I was capable of, first into five parts, and 
each of these into three. These parts were then bisected four 
times : (that is to say), supposing the whole circumference of 
the wheel to contain £160 teeth, this being divided into five 
parts, each would contain 432 teeth ; which being divided into 
three parts, each of them would contain 144; and this space 
bisected four times would give 72, 36, 18, and 9 : therefore each 
of the last divisions would contain nine teeth. But as I was 
apprehensive some error might arise from quinquesection and 
trisection, in order to examine the accuracy of the divisions, I 
described another circle on the ring c (fig. 7.) inch within 
the former, and divided it by continual bisections, as 2 1 60, 
1080, 540, 270, 135, 67|5 and 33-|; and as the fixed wire (to 
be described presently) crossed both the circles, I could ex- 
amine their agreement at every 135 revolutions; vafter ratching, 
could examine it at every 33|.) : but, not finding any sensible 
difference between the two sets of divisions, I, for ratching, 
made choice of the former ; and, as the coincidence of the 
fixed wire with an intersection could be more exactly deter- 
mined than with a dot or division, I therefore made use of in- 
tersections in both circles before described. 

The arms of the frame l (fig. 7.) were connected by a 
thin piece of brass of A of an inch broad, having a hole in the 
middle of of an inch in diameter ; across this hole a silver 
wire was fixed exactly in a line to the centre of the wheel : the 
coincidence of this wire with the intersections was examined 
by a lens i^^^h focus, fixed in a tube which was attached to 
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oiiEf df tbe amsf ^ 'liati^Ie or winch being ' fired on. 

the md of the screw, Ae division marked 10 on the circle k 
wm set to its ind^^, and, '1^ 'metis' of a- damp and adjusting 
screw for that pnrpose, the intersection marked I on the cirde 
c was set exactly to coincide with the fixed wire; the screw 
wak then carefully pres^ against the circumference of the 
whed, by turning the finger-screw s ; then, removing the clamp, 
I' tetned' Ae screw its handte 9 revolutions, till me intersec* 

tksii £40 came n^Iy to the wire; then, unturning the 

s/J released Ae screw from Ae wheel, and^tumed 
tfee Wfesei back fill the intersection marked £ escactly coincided 
wlfir Ae wire ; and, by means of the clamp before mentioned, 
the division 10 on the circle being set to its index, the screw 
was pressed against the edge of the wheel by the finger-screw s ; 
the clamps were removed, and the screw turned nine revolu- 
tions till the intersection marked 1 nearly coincided with the 
fixed wire; the screw was released from the wheel by unturning 
the finger-screw s as before ; the wheel was turned back till the 
intersection 3 coincided with the fixed wire ; the division 10 on 
Ac circle being set to its index, the screw was pressed against 
Ae wheel as before, and the screw was turned 9 revolutions, till 
Ae intersection ^'nearly coincided with the fixed wire, and the 
s^ew was released ; and I proceeded in this manner till the 
teeth were marked' mtmd the whole circumference of the wheel. 
This was repeated three times round, to make the impression 
of the screw deeper. I then ratched the wheel round continu- 
ally in the same direction without ever disengaging the screw ; 
and in ratching the wheel about SOO times round, the teeth 
were finished. 

^ Now it is evident, if the circumference of the wheel was 
even one tooth or ten minutes greater than the screw would 
re^re, this error would in the first instance be reduced to 
psitt of a revolution, or two seconds and a half ; and these 
errors or inequalities of the teeth were equally distributed round 
the wheel at the distance of nine teeth from each other. Now, 
aS' the screw in ratching had continually hold of several teeth 
at the same time, and these constantly changing, the above- 
mentioned inequalities soon corrected themselves, and the teeth 
Were reduced to a perfect equality. The piece of brass which 
carries the wire was now taken away, and the cutting-screw was 
rfso removed, and a plain one (hereafter described) put in its 
place: on one end of the screw is a small brass circle, having its 
edge divided info ^ equal parts, and numbered at every sixth 

- 1 ..#y- . . , 

* The interjections are marlced lor Uie sake of illustration, though properly invisible? 
Uiey lying under the brass plate. . 
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division, as before mentioned. On the other end of the screw 
is a ratchet-wheel c, having 60 teeth, covered by the hollowed 
circle [d] (fig. 5.), which carries two clicks that catch upon the 
opposite sides of the ratchet when the screw is to be moved 
forwards. The cylinder s turns on a strong steel arbor f, 
which passes through and is firmly screwed to the piece y: this 
piece, for greater firmness, is attached to the screw-frame 
(fig. 4) by the braces [v] : a spiral groove or thread is cut 
the outside of the cylinder s, which serves both for holding the 
string, and also giving motion to the lever j on its centre by 
means of a steel tooth [n], that works between the threads of 
the spiral. To the lever is attached a strong steel pin [m], on 
which a brass socket [r] turns : this socket passes through a slit 
in the piece [p], and may be tightened in any part of the slit by 
the finger-nut [f] : this piece serves to regulate the number of 
revolutions of the screw for each tread ofthe treadle 

T (fig, 1 .) is a brass box containing a spiral spring ; a strong 
gut is fastened and turned three or four times round the cir- 
cumference of this box ; the gut then passes several times round 
the cylinder s, and frorn thence down to the treadle e (fig. 1.). 
Now, when the treadle is pressed down, the string puffs the 
cylinder s round its axis, and the clicks catching bold of the 
teeth on the ratchet carry the screw round with it, till, by the 
tooth [n] working in the spiral groove, the lever j (fig. 4.) is 
brought near the wheel [d,] and the cylinder stopped by the 
screw-head [x] striking on the tpp of the lever J ; at the same 
time the spring is wound up by the other end of the gut passing 
round the box t (fig. 1.). Now, when the foot is taken off the 
treadle, the spring unbending itself pulls back the cylinder, the 
clicks leaving the ratchet and screw at rest till the piece [t] 
strikes on the end of the piece [p] (fig. 1.): the number of 
revolutions of the screw at each tread is limited by the number 
of revolutions the cylinder is allowed to turn back before the 
stop strikes on the piece [p]. 

When the endless-screw was moved ropnd its axis with a 
considerable velocity, it would continue that motion a little after 
the cylinder s (fig. 1 and 4.) was stopped;, to, prevent this, the 
angular lever yj was made ; that whqn the lever. comes near to 
stop the screw [x], it, by a small chamfer, presses down the 
piece of the angular lever ; this brings the other end y) of the 
same lever forwards, and stops the endless-screw by the steel 
pip ft. striking upon the top of it ; the foot of the lever is raised 
again by a small spring pressing on the brace [v], 

two clamps, connected by the piece ct, slide one on eanh 
arm of the frame l (fig. 1, 2, 6.), and maybe fixed at pleasure 
by the four finger-screws e, which press against steel springs to 
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avoid spoiling the arms : the piece [q] is made to turn without 
shake between two conical pointed screws [f], which are pre- 
vented from untuming by tightening the finger-nuts n. 

The piece M (fig. o.) is made to turn on the piece 
[q], by the conical pointed screws [s] resting in the hollow 
centres [e]. 

As there is frequent occasion to cut divisions on inclined 
plames, for that purpose the piece in which the tracer is fixed, 
has a conical axis at each end, which turn in half holes : when 
the tracer is set to any inclination, it may be fixed there by 
tightening the steel screws (3. 

Description of the En^ne hy which the Endhss-’screw of the 
Dvviaing^-eTigim was cuL 

Fig. 9. represents this engine of its full dimensions seen 
from one side. 

Fig. 8. the upper side of the same as seen from above. 

A represents a triangular bar of steel, to which the trian- 
gular holes in the pieces b and c are accurately fitted, and may 
be fixed on any part of the bar by the screws n. 

E is a piece of steel whereon the screw is intended to be 
cut ; which, after being hardened and tempered, has its pivots 
turned in the form of two frustums of cones, as represented in 
the drawings of the dividing-engine (fig. 5.). These pivots 
were exactly fitted to the halthofe f and x, which were kept 
together by the screws 2. 

H represents a screw of untempered steel, having a pivot r, 
which turns in the hole x. At the other end of the screw is a 
hollow centre, which receives the hardened conical point of the 
steel pin m. When this point is sufficiently pressed against the 
screw, to prevent its snaking, the steel pin may be fixed by 
tightening the screws y. 

N is a cylindric nut, moveable on the screw h ; which, to 
prevent any shake, may be tightened by the screws o. This 
nut is connected with the saddle-piece r by means of the inter- 
mediate universal joint w, through which the arbor of the screw 
H passes. A front view of this piece, with a section across the 
screw-arbor, is represented at x. This joint is connected with 
the nut by means of two steel slips s, which turn on pins 
betw^ the cheeks x on the nut'N. The other ends of these 
slips s turn in like manner on pins (a). One axis of this joint 
turns in a hole in the cock (b), which is fixed to the saddle- 
piece ; and the other turns in a hole (d), made for that purpose 
in the same piet^ on which the cock (b) is fixed. By this 
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means, when the screw is turned round, the saddle-piece wdll 
slide uniformly along the triangular bar a*- 

K is a small triangular bar of well-tempered steel, which 
slides in a groove of the same form on the saddle-piece p. The 
point of this bar or cutter is formed to the shape of the thread 
intended to be cut on the endless-screw. When the cutter is 
set to take proper hold of the intended screw, it may be fixed 
by tightening the screws (e), which press the two pieces of brass 
G upon it. 

Having measured the circumference of the dividing-wheel, 
I found it would require a screw about one thread in a hundred 
coarser than the guide screw h* The wheels on the guide- 
screw arbor h, and that on the steel e, on which the screw was 
to be cut, were proportioned to each other to produce that 
effect, by giving the w^heel l 198 teeth, and the wheel a ^0. 
These wheels communicated with each other by means of the 
intermediate wheel e, which also served to give the threads on 
the two screws the same direction. 

The saddle-piece p is confined on the bar a by means of 
the pieces (g), and may be made to slide with a proper degree 
of tightness by the screws (n).*” 

For other excellent observations and directions relative to the 
dividing of instruments, see Mr. Smeaton’s paper containing an 
account of Mr. Hindley'^s method, Phil. Tram. vol. Ixxvi. or 
New Abridgment, vol. xvi. p. 30— 56, and the papers of Mr. 
Troughton, Mr. H. Cavendish, and Professor Lax, in Phil. 
Trams, for 1809, abridged in ihe Retrospect of Phil, and Mech. 
Discoveries, No. 23. 

REVERSING oE MOTiOTi^'s, We do not 

here mean to speak of alternating or reciprocating motions after 
intervals of short continuance, those being already treated of in 
the introductory part of this volume, also under the title P ARAii- 
EEL motions^ besides that they occur incidentally in the separate 
descriptions of several machines. We shall now mention some 
methods of reversing motions after much longer intervals; as 
in the case of drawing up buckets from wells or mines, where 
no change of direction may be required for several minutes ; or 
in different kinds of mill-work, where the direction may not be 
changed for some hours. 

Contrivances to effect such reversion of motion are very 
numerous; but almost all of them may be reduced to two 
general methods : for the required changeis generally produced 
either by making two equal pinions on one and the same axis 
take alternately into the teeth of those parts of a larger wheel 
which are nearly diametrically opposite ; or, by means of an 
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apMitioiial wlieel wfcich may, as the practical mechanics term 
it, be thrown in and out erf ^ear alternately. 

In mmy engines for drawing buckets out of mines that are 
moved Iw hor^ the motion is frequently reversed by turning 
round the animal, and causing him to retrace his steps and 
draw the contrary way : but this is found very injurious to the 
horse, a circumstance which has frequently led . to the adoption 
of other methods. In Emerson's Mechanics a simple con- 
trivance is described, consisting merely of a horizontal face- 
wheel upon the same vertical shaft as the horsepole is attached 
to, 'and two equal pinions upon the same axle as carries the 
dmm or barrel on which the rope winds. The axle which 
earrfes the drum and pinions is fixm horizontally, a little above 
a diameter of the face** wheel ; and first one and then the other 
of the pinions is made' to be driven by that wheel ; thus mani- 
festly reversing the motion as required. There are two 
methods of attaching these pinions to the axle, and making 
them to be acted upon by the face-wheel ; in one of them, the 
pinions are fastened upon the axle at a distance from each other 
exceeding the diameter of the face-wheel only 3 or 4 inches ; 
then, the axle being moved horizontally through this small 
ilstance brings first one and then the other pinion into contact 
wi& the wheel at opposite extremities of a diameter, and thus 
changes the direction of the motion ; but this method is at- 
tends with the disadvantage of having often to move a heavy 
weight with the horizontal axle, besides that there is much 
danger of breaking the teeth of the pinions and wheel when 
they first come to embrace each other. In the second m^hod, 
the lanterns or pinions both turn constantly with the face-wheel, 
but thw pky freely upon their common axle, except they are 
istopped by a pin which them ; the application of such pin 
to first the one and then the other of the lanterns juroduces the 
ahmiating motion as proposed. 

M. Prony luis two ccmtrivances for reversing the motion in 
horse-whims, without changing that of the animal ; in both of 
which, however, the general principle is the same as that 
adopted by Mr. Emerson. In the first a horizontal wheel, 
toothed at its fece, lay just adot^ two vertical pinions, fixed on 
the opposite extremities of an axis of the length of its diameter. 
T^whedl was so contrived as to incUne a little from its bori- 
pod^on to either side at pleasure; so that on the one 
imdfimtioB its teeth locked with those of one pinion, and 
receded firom the other; andonthemher position, its operation 
m the pimons was revmed : by which the axis of the pinions 
turned round first m om direction, and afiewards in the 
contrary. 
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M. Prony, finding this method subject to some inconveni- 
cnices, contrived the fallowing, which he esteems much superior 
to it. All horizontal wheel, toothed at its face, and attached 
to a perpendicular arbor (vvhich gives it motion), turns tw’o 
pinions, moveable on the same axis, which it meets at the 
opposite sides of its circumference; these pinions are not 
attached to the axis, but lurn round freely upon it : the inter- 
mediate part of the axis is square, and has acljpining to each 
pinion boxes wiiich slide back and forwards on it, each of 
which supports a faced wheel, with strong serrated teeth ; the 
serration being in a different direction on the opposite wheels : 
the boxes are connected by two iron bars, so as to change their 
places by one movement; to the pinions there are also serrated 
faced wheels attached, so as to lock on those opposite to them 
on the sliding boxes. From this constriiction it follow^s, that 
when tile boxes are sliddea to one extremity of the axis, the 
pinion at that side wall be connected wdth the axle, and com- 
municate its motion to it in one direction ; and when the boxes 
are moved to the other extremity, then the first pinion will be 
disengaged, and the second be locked to the axle, and cause it 
to turn round in a direction the reverse of that in which it 
moved before. There is a lever on another axle, whose office 
is to move the before-mentioned boxes baclwards and forwards : 
an arm projects from the axis, which moves between two pieces, 
proceeding from the frame connected wnth the boxes : the lever 
rises upwards, and has a weight at its top, by which it presses 
strongly in either direction, when it passes the perpendicular 
position ; forming thus the contrivance vulgarly called a tum- 
bling-bob, which is used in various engines for a simular pur- 
pose. Upon the same axle on which the pinions move is 
fastened a drum-wheel, round which passes the chain or cord to 
which the buckets are attached; another chain or cord is placed 
below the buckets, from the bottom of one to tliatof the other, 
to form an equilibrium between the whole of the appendage of 
one bucket and that of the other in all positions. A bar is so 
placed, that, on one of the buckets rising to a certain height, it 
catches the bar, forces it upwards, and thereby throws over the 
tumbling- bob connected with its other extremity : this reverses 
the movement of the buckets ; and, on the other bucket rising, 
it operates in the same w^ay on another lever, which throws 
the bob to the other side, and causes the first bucket to rise 
again. 

M. Prony has annexed a contrivance to this engine by which 
the horse that puts it in motion is disengaged when any 
accident hap})ens, which would tend to stop the movement of 
the wheels : for tins purpose the traces pass under two pulleys in 
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the ends of the yoke; and their extremities, which have loops 
wrought in them, are alternately attached to two pins in a 
roller, rouiicl which a cord is wound two or three turns, and 
passes from thence through rings in the lever, which causes the 
arbor to revolve, and over a pulley on the arbor to a weight 
which hangs beside it. When^the draught exceeds this w'eight, 
it is evident the roller will be drawn round by the traces, and 
that they will slip off the pins, and be disengaged during the 
first re\o!ution. 

The method of reversing motion by causing pinions to be 
operated upon by the opposite parts of a face-wheel has been 
long known and practised by millwrights ; and they have 
various contrivances for performing tlie alternation, as by 
levers, screws, tumbiing-bobs, One of these will be il- 
lustrated by a figure, when we come to tlie article 
And for several methods of reversing motions, see pL 
XX XVIII. and XXXIX. 

As to the second general method, it has perhaps an ap- 
pearance of greater simplicity ; though, w hen reduced to prac- 
tice, it is commonly found more expensive than the former. 
Sup}:iose that while the horizontal w^heel A(fig.£. pi. XXVIII.) 
continues to turn always one way, it is required to have the 
horizontal wheel b turn, sometimes in one dircctidn, and some- 
times in another : by means of an additional wheel c, equal in 
diameter and number of teeth (supposing the velocities in both 
directions to be equal), this may be accomplished, thus : Let 
the two wheels b and c have the lower pivots of their axles 
resting in boxes or cases that may be moved up and dowm by 
means of screws; and, wliile the wdieels a and u are nearly of 
equal thickness, let the wheel c be somewhat more than double 
the thickness of either: when the motion of the w'heel b is to 
be in a contrary direction to that of a, let the wheel c be 
lowered so much that its teeth play neither into those of a nor 
B, while the teeth of a take into those of b and drive it round : 
when, on the contrary, b is to be moved in the same direction 
as A, let the wheel b be lowered till its teeth do not come into 
contact with those of a, and let c be raised until the upper 
parts of its teeth take betNveen those of the wheel a, while the 
lower parts of other teeth play into the teeth b; so shall the 
rotation of b have the direction required. If the motion of the 
wheel A were sometimes in one direction and sometimes in 
another, tlie motion of b might all along be preserved in one 
direction, by the occasional application of c as an intermediate 
wheel. 

Regulator qfdmcendhig motiom* See Hardie^s Crake, 
page ITS, and Hmriofs Engtm^ page 246 . 
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II OTATORY motion^ when protlaced by a reciprocating 
motion, requires some contrivance to render it uniform, or 
nearly so. The usual method of equalizing is by attaching a 
fly-wheel to some part of the machinery: but Mr. Arthur 
Woolf has invented an apparatus to be substituted for the fly 
in steam engines, which possesses the advantage of equalizing 
the motion, with the property of being stopped and set to work 
at any part of the stroke. 

Plate XXIII. fig, 4. a represents part of the engine-beam; 
B the connecting-rod ; c the crank arm ; n a cog-wheel, worJc^ 
ing into another cog-wheel e, of half the size ; f a crank-arm 
on the shaft of the small wheel ; G a cylinder closed at bottom, 
in which a solid or imperforated piston moves,leaving a vacuum 
beneath. This acts simply instead of weight on the crank E, 
by the constant pressure of the atmosphere ; and the diameter 
of the piston must be such as nearly to equal one-third of the 
power of the engine. 

In fig, 5. the outer circle is the line described by the crank ; 
the circumference of the inner circle is equal to twice the 
diameter of the outer, and the square has the same circumfer- 
ence : this last exhibits the inequality still remaining, which by 
this method is reduced to about one-fifth ; butby tlie assistance 
of a small fly on the second motion, the effect will become 
nearly the same as that of a rotative engine with the advantages 
here mentioned. 

The same motion may be applied to a pump, but in this case 
the two cranks must be horizontal at the same time. {Nick. 
Jour. No. N. S.) ^ 

SAWMI LLS, constructed for the purpose of sawing either 
timber or stone, are moved by animals, by vrater, by wind, or 
by steam. They may be distinguished into tw'o kinds : those 
in which the motion of the savrs is reciprocating, and those in 
which the saws have a rotatory motion. In either case the 
researches of theorists have not yet turned to any account : in- 
/stead, therefore, of giving any uncertain theory here, we shall 
proceed to the descriptive part, and refer those who wish to see 
some curious investigations on this subject to a Memoir on the 
Action of Saws, by £uler,in Mem. Acad, Roy. Berlin, 1756. 

Reciprocating sawmills for cutting timber and moved by 
water, do not exhibit much variety in their construction. The 
sawmill represented in pi, XXVIII. is taken from Gray’s Ex- 
perienced Millwright; but it only differs in a few trifling par- 
ticulars from some which are described in Belidor’s Architec- 
ture Hydraulique, and in Galloffs Collection of Machines a].)- 
proved by the French Academy. 

1, 'i he plate just referred to shows the elevaiion of the mill. 
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AA tlic shaft or axle, upon which is fixed the wheel bb (of 
17 J or 18 feet diameter), containing 40 buckets to receive the 
Writer which impels it round, cc a wheel fis:ed upon the same 
shaft containing 96 teeth, to drive the pinion No. having 
teeth, which is fastened upon an iron axle or spindle, having 
a coupling box on each end that tmns the cranks, as bd, 
round : one end of the pole b is put on the crank, and its other 
end moves on a joint or iron bolt at f, in the lower end of the 
frame gg. The crank dd being turned round in the pole k, 
moves the frames gg up and down, and these having saws in 
them, by this motion cut the wood. The pinion, No. 2. may 
woi‘k two, three, or more cranks, and thus move as many 
frames of saws. No. S, an iron wheel havinj^ angular teeth, 
which one end of the iron k takes hold of, while its other end 
rolls on a bolt in the lever hh. One end of this lever moves 
on a bolt at i, the other end may lie in a notch in the frame 
G(j so as to be pushed up and down by it. Thus the catch 
K pulls the w’heel round, wdiile the catch l Mis into the teeth 
and prevents it from going backwards. (See Universal leyilr.) 
Upon the axle of No. 3. is also fixed the pinion No. 4. taking 
into the teeth in the under edge of the iron bar, that is 
fastened upon the frame tt, on which the w’ood to be cut is 
laid : by this mean the frame tt is moved on its rollers ss, 
along the fixed frame uu ; and of course the w^ood fastened 
upon it is brought forward to the saws as they are moved up 
and down by reason of the turning round of the crank dd. 
vv, the machine and handle to raise the sluice when the w^ater 
is to be let upon the wheel bb to give it motion. By pulling 
the rope at the longer arm of the lever m, the pinion No. 2. is 
put into the hold or grip of the -wheel cc, wdiich drives it ; 
and by pulling the rope n, this pinion is cleared from the w^heel. 
No. 5, a pinion containing ^4 teeth, driven by the wheel cc, 
and having upon its axle a sheave, on which is the rope pr, 
peissing to the sheave No. 6. to turn it round ; and upon its 
axle is fixed the pinion No. 7. acting on the teeth in an iron 
bar upon the frame tt, to roll that frame backwards wlien 
empty. By pulling the rope at the longer arm of the lever n, 
the pinion No 5. is put into the hold of the wheel cc ; and by 
palling the rope o it is taken off the hold. No. 8. a wheel 
fixed upon the axle No. 9. having upon its periphery angular 
teeth, into which the catch No. 10. takes ; and being moved by 
the lever attached to the upper part of the frame g, it pushes 
the wheel No. 8. round; and the catch No. 11. falls into the 
teeth of the wheel, to prevent it from going backwards while 
the rope rolls in its axle, and drags the logs or pieces of wood: 
in at the door y, to be laid upon the moveable frames tt, and 
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carried forward to the saws to be cut. The catches No. 10. 11. 

I are easily thrown out of play when they are not wanted. Tlie 

gudgeons in the shafts^ rounds of the cranks, spindles, and pi- 
vots, should all turn round in cods or bushes of brass. z, a door 
in one end of the mill-house at which the wood is conveyed 
out when cut, ww, w’-alls of the mili-house. ao, the couples 
or framing of the roof, xxx, &c. windows to admit light to 
the house. 

A plan of this mill is given in pi. 43. of Mr. Gray's book. 
2. Sawmills for cutting blocks of stone are generally, though 
not always, moved horizontally : the horizontal alternate mo- 
tion may be communicated to one or more saws, by means of 
a rotatory motion, either by the use of cranks, &c. or in some 
such way as the following. Let the horizontal wheel abdc 
(fig. 3. pi. XX.) drive the pinion opx, this latter caiTy in a 
vertical pin r, at the distance of about f of the diameter from 
the centre. This pinion and pin are represented separately 
in No. 2. of fig. 3, Let the frame wstv, carrying four saws, 
marked 1, 2, 3, 4, have wheels v, t, w, w, each running in a 
groove or rut, whose direction is parallel to the proposed di- 
rection of the saws : and let a transverse groove whose 
length is double the distance of the pin p from the centre of 
the pinion, be cut in the saw frame to receive that pin. 'Fhen, 
as the great wheel revolves, it drives the pinion, and carries 
round the pin p : and this pin, being compelled to slide in 
the straight groove pe, while by the rotation of the pinion on 
which it is fixed its distance from the great wheel is constantly 
varying, it causes the whole saw frame to approach to and 
recede from the great wheel alternately, while the grooves in 
which the wheels run confine the frame so as to move in the 
direction T^, vi:. Other blocks of stone may be sawn at the 
same time by the motion of the great wheel, if other pinions 
and frames running off in the directions of the respective a*adii 
BB, EA, EC, be worked by the teeth at the quadrantal points 
B, A, and c. And the contrary efforts of these four frames 
and pinions will tend to soften dowm the jolts, and equalize 
the whole motion. 

The same contrivance, of a pin fixed at a suitable distance 
from the centre of a wheel, and sliding in a groove, may serve 
I to convert a reciprocating into a rotatory motion ; but it will 

I not be preferable to the common conversion by means of a 

I crank. 

j 3. When saws are used to cut blocks of stone into pieces 

I having cylindrical surfaces, a small addition is made to the ap- 

paratus. See figs. 8. 9. ph XX. The saw, instead of being 
j allowed to fall in a vertical groove as it cuts the block, is at- 





MACHINES. 


m 

tacliecl to a lever or beam fg, sufficiently strong ; this fever has 
several holes pierced through it, and so has the vertical piece 
ED, which is likewise moveable towjpxls either side of the frame 
in grooves in the top and bottom pieces al, dm. Thus, the 
length KG of the radius can be varied at pleasure, to suit the 
curvature of ho ; and as the saw is moved to and fro by proper 
machinery, in the direction cb, bc, it works lower and lower 
into the block, while, being confined by the beam fg, it cuts 
the cylindrical portion from the block p, as required. 

When a completely cylindrical pillar is to be cut out of one 
block of stone, the first thing will be to ascertain in the block 
the position of the axis of the cylinder : then lay the block so 
that such axis shall be parallel to the horizon, and let a cylin- 
drical hole of from one to two inches diameter be bored 
entirely through it. Let an iron bar, whose diameter is rather 
less than that of this tube, be put through it, having just room 
to slide freely to and fro, as occasion may require. Each end 
of this bar should terminate in a screws, on which a nut and 
frame may be fastened : the nut frame should carry three flat 
pieces of wood or iron, each having a slit running along its 
middle nearly from one end to the other, and a screw and han- 
dle must be adapted to each slit: by thesemeans the frame-work 
at each end of the bar may readily be so adjusted as to form 
equdl isosceles or equilateral triangles ; the iron bar will con- 
nect two corresponding angles of these triangles, the saw to be 
used tw^o other corresponding angles, and another bar of iron or 
of wood the two remaining angles, to give sufficient strength 
to the whole frame. This construction, it is obvious, will enable 
the workmen to place the saw at any proposed distance from 
the hole drilled through the middle of the block; and then, by 
giving the alternating motion to the saw frame, tiie cylinder 
may at length be cut from the block, as required. This me- 
thod was first pointed out in the Collection of Machines ap- 
proved by the Paris Academy. 

If it were ]>roposed to saw a conic frustum from such a 
block, then let two frames of w’ood or iron be fixed to those 
parallel ends of the block which are intended to coincide with 
the bases of the frustum, circular grooves being previously cut 
in these frames to correspond with the circumierences of the 
two ends of the proposed frustum ; the saw being worked In 
th^ grooves will manifestly cut the conic surface from the block. 
This, we believe, is the contrivance of Sir George Wright. 

The best method of drilling the hole through the middle of 
the proposed cyHiider seems to be this: on a carriage running 
upon four low wheels let two vertical pieces (each having a 
hole just large enough to adhtil the borer to play freely) be 
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fixed two or three feet asunder, and so contrived that the pieces 
and holes to receive the borer may, by screws, &c. be raised or 
lowered at pleasure, while the borer is prevented from sliding 
to and fro by shoulders upon its bar, which are larger than the 
holes in the vertical pieces, and which, as the borer revolves, 
press against those pieces: Jet apart of the boring bar between 
the two vertical pieces be square, and a grooved wheel with a 
square hole of a suitable size be placed upon this part of the 
bar ; then the rotatory motion may be given to the bar by an 
endless band which shall pass over this grooved wheel and a 
wheel of a much larger diameter in the same plane, the latter 
wheel being turned by a winch handle in the usual way. As the 
boring proceeds, the carriage with the borer may be brought 
nearer and nearer the block, by levers and weights, in the same 
manner as is described under the article ^oednance. 

4. Circular saws, acting not by a reciprocating, but by a 
rotatory motion, have been long known in Holland, where they 
are used fv)r cutting wood wanted in veneering. They were in- 
troduced into this eoiintry, we believe, by General Bentliam, 
and are now used in the dock-yard at Portsmouth, the Royal 
Arsenal, Woolwich, and in a few other places; biU they are not, 
as yet, so generally adopted as might be wished, considering 
how well they are calculated to abridge labour, and to accom- 
plish with expedition and accuracy what is very tedious and 
irksome to perform in the usual way. Circular saw^s may be 
made to turn either in horizontal, vertical, or inclined planes ; 
and the timber to be cut may be laid upon a plane inclined in any 
direction; so that it may be sawn by lines making any angle 
whatever, or at any proposed distance from each other. When 
the saw is fixed at a certain angle, and at a certain distance 
from the edge of the frame, all the pieces will be cut of the 
same size, without marking upon them by a chalked line, 
merely by causing them to be moved along and keeping one 
side in contact with the side of the frame ; for then, as they are 
brought one by one to touch the saw revolving on its axle, and 
are pressed upon it, they are soon cut through. 

Mr. Smart, of Ordnance Wharf, Westmmster-bridge, has 
several circular saws, all worked by a horse in a moderate sized 
walk ; one of these, intended for cutting and boring tenons used 
in this gentleman'’s hollow masts, is represented in fig. pi* 
XXVI. NOPOii is a hollow frame, under which is part of the 
wheel-work of the horse-mill. — a, b, d, c, E, f, are pulleys, 
over which pass straps or endless bands, the parts of which 
out of sight run upon the rim of a large vertical wheel: by 
means of this simple apparatus, the saws s, s^, are made to re- 
volve upon their axles with an equal velocity, the same band 
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passing roiintl the pulleys c, upon those axles; ami the ro- 
tatory motion is given to the borer o by the band passing over 
the pulley a. The board x is inclined to the horizon in an 
angle of about £0 degrees the plane of the saw s' is parallel to 
that of the board i, and about of an inch distant from it, while 
the plane of the saw s is vertical, and its lowest point at the 
same distance from the board f. lilach piece of wood x out of 
which the tenon is to be cut is 4 inches long, an inch and a, 
quarter broadb and of an inch thick. One end of such piece 
is laid so as to slide along the ledge at the lower part of the 
board I ; and as it is pushed on, by means of the handle h, it is 
first cut by the saw s , and immediately after by the saw s : 
after this the other end is put lowest, and the piece is again cut 
by both saws : then the tenon is applied to the borer g, and 
as i«oon as a hole is pierced through it, it is dropped into the 
box beneath. By this process, at least W tenons may be con- 
pleted in a minute, w'ith greater accuracy than a man could 
make one in a quarter of an hour, with a common hand-saw and 
gimblet. The like kind of contrivance may, by slight alter- 
ations, be fitted for many other purposes, particularly all such 
as may require the speedy sawing of a great number of pieces 
into exactly the same size and shape. A very great advan- 
tage attending this sort of machinery is, that, when once the 
position of the saws and frame is adjusted, a common labourer 
may perform the business just as well as the best workman. 

Mr. Brunei, a well-known civil engineer, took out a patent 
for saw machinery, in iVay, 1805. The following is an 
abridgemen|; of his specification. The saw's are circular, and 
turn upon an axis passing through tlieir centre. When they 
are too large to be made with sufficient strength of only one 
piece of steel, they may be constituted of tw'o, four, eight, &c. 
pi^es, and the joining edge of one plate must be hollow, to re- 
ceive the sharp edge of that which is to be fitted into it. To 
augment the strength of the plates, flanches may be closely 
fitted to them, several pieces of leather or of paper being inter- 
posed, by means of which and screws duly applied, the whole 
may be made very firm and strong. 

The improvements in the machinery for sawing timber easily 
and expeditiously consist in the modes of laying and holding 
the piece of wood in the carriage or drag, in the facility of 
shifting the saw from one cut to another, and in the practica- 
bility of ^wing both ways either towards or from the saw or 
saws* 

Each circular saw is adjusted upon a cylindrical spindle, 
which turns within rodings ; the motion being communicated 
by means ol a strap or baud turning about a proper drum- 
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wheel, and moved by any of the usual actuating powers, as 
wind, water, steam, animals, &lc. I'he piece of timber being 
placed upon a drag or carriage, is held fast by means of clamps ; 
and the carriage is moved towards and from the saw by a 
handle or crank communicating, by the assistance of cog 
wheels, to a pinion which engages in a horizontal rack run- 
ning under the frame of the carriage. This carriage is fur- 
nished with rollers serving to ease its longitudinal motion, and ; 

is intended to be moved by hand, so that its velocity may be 
varied at pleasure: the length of this carriage must obviously 
be proportionate to the size of the timber generally cut by the 
saw* ■■■ ' .. ' ' V ^ ■'' ■ : 

After the saw has performed one cut, instead of moving the 
timber, the saw itself is moved sidewise, that is, in the direction 
of its axle, by means of screws, after a method which maybe * 

easily conceived, till it is brought to the proper position for the 
next cut; when an adjusting or fixing screw prevents any lateral 
motion, and the rotary motion of the saw, and the rectilinear 
motion of the wood, may be resumed. 

Circular w^edges are used, being intended to revolve by the 
motion of the log to follow the cut opened by the saw, and by 
that means to ease the friction, and steady the piece oftimber. 

Sometimes an instrument composed of several parallel plates of 

metal may be employed instead of the circular wedges. ^ | 

When several saws are adjusted on one s|>indle, a piece of 
timber may be converted into planks by being drawn once 
through under the saws. In that case the flanches of the saws I 

are fixed upon an iron drum, and kept firmly in their relative | 

parallel positions by four bolts. In order to lower the saws as 
they wear away, the side rails sustaining their axles may be 
depressed by means of w’edges. The log of wood is not to lie 
close upon the carriage or drag, but upon some transverse ^ 

pieces, which* may be moved if requisite when they come near 
the saw. 

Some very complete and extensive saw-mills have been 
erected by Mr. Brunei, in the Carriage Department of the 
Royal Arsenal, Woolwich, under the superintendence of Major 
Generals Cuppage and Miller. 

Among the numerous purposes for which saws are employ- 
ed, is that of cutting off the tops of piles. When these are 
below waters some additional mechanism is necessary to cause 
the saws to work in a horizontal plane at a suitable depth. 

Different contrivances for this purpose, with illustrative en- 
gravings, are described by lA. Trait i des Machines^ 

p. 252— 275. 

SCAPE MENT, from the French vfoxiXmhwppementytx term 
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«sed ^mong clock md watch~maker% to denote the general 
contrivance by which the pr^ure of the wheels, which move 
always in one direction, and the reciprocating motion of the 
pendulum or balance, are accommodated the one to the other. 
When a tooth of a wheel has given the balance or pendulum a 
motion in one direction, it mast quit it, that it may get an im- 
pulsion in the opposite direction ; and it is this escaping of the 
tooth of the wheel from the balance or pendulum, or of the 
latl^ from the former, whichever we please to call it, that has 
rise to the general tenn. 

From the liatnm of a pendulum, it follows, that it need only 
to be removed from the vertical, and then let go, in order lo 
vibrate and measure time. Hence it might seem that nothing 
is wanted but a machinery so connected with the pendulum as 
to keep a register, as it were, of the vibration. It could not be 
difficult to contrive a method of doing this; but more is wanted : 
the air must be displaced by the pendulum. This requires 
some force, and must therefore employ some part of the mo- 
mentum of the pendulum. The pivot on which it swings oc- 
casions friction — the thread, or thin piece of metal by which it 
is hung, in order to avoid this friction, occasions some expen- 
diture of force by its want of perfect flexibility or elasticity. 
Tb^e, and other causes, make the vibrations become more and 
more narrow by degrees, till at last the pendulum is brought to 
rest. We must, of course, have a contrivance in the wheelworlc 
which will restore to the pendulum the small portion of force 
which it loses in every vibration. The action of the wheels 
therefore may be called a maintaining power, because it keeps 
up the vibrations. But this may affect the regularity of vibration. 
If it be supposed that the action of gravity renders all the vi- 
brations isochronous, we must grant that the additional impiil- 
lian by the wheels will destroy that isochronism, unless it be 
so appii^ that the sum total of this impulsion and the force 
of gravity may vary so with the situation of the pendulum as 
still to give a series of forces, or a law of variation, perfectly 
similar to that of gravity. This cannot be effected, unless we 
know both the law which regulates the action of gravity, pro- 
ducing isochronism of vibration, and the intensity of the force 
to be derived from the wheels in every situation of the pen- 
dulum. 

Thus it appears that considerable scientific skill as well as 
mechanical ingenuity may be displayed in the construction of 
scapements ; and the judicious consideration of them becomes 
of gr^timportance to the artist : yet, notwithstanding this, no 
material improvement was made in them from the fivst appli- 
cation of the ixjndukm to clocks till the days of Mr, George 
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Graham ; nothing more was attempted before hh time than to 
apply the impulse of the swing-wheel, in sueh manner as was 
attended with tlie least friction, and would gk’e the greatest 
motion to the pendulum. Dr. Halley discovered, by some 
expei'iments made at the Royal Observatory at Greenwich, 
that fay adding more weight to the pendulum it was made to 
vibrate larger arcs, and the clock went faster ; by diminishing 
the weight of the pendulum, the vibrations became shorter, and 
the clock went slower : the result of these experiments being 
diametrically opposite to what ought to be expected from the 
theory of the pendulum, probably first roused the attention of 
Mr. Graham, who was not only skilful in practice, but had 
much mathematical knowledge, and was well qualified to ex- 
amine the subject scientifically : he soon made such further 
! trials as convinced him, that this seeming paradox was <x:ca- 

sioned by the retrograde motion, which was given to the swing- 
j wheel by every construction of scapement that was at that time 

in use ; and his great sagacity soon produced a remedy for this 
defect, by constructing a scapement which prevented all re- 
coil of the wheels, and restored to the clock pendulum, wholly 
in theory, and nearly in practice, all its natural properties 
in its detached simple state. This scapement, with a few 
others of tiie most approved CGnstruction, will now be briefly 
described. 

' i. The scapement which has been in use for clocks and 

watches ever since thei r first appearance in Europe is extremely 
simple; and its mode of operation is too obvious to need 
much explanation. In fig. I. pL XXIX. xy represents a ho 
I rizontal axis, to which the pendulum p is attached by a slender 

rod, or otherwise. Tliis axis has two leaves c and d attached, 
one near each end, and not in the same plane, but so that when 
I the pendulum hangs perpendicularly, and at rest, the piet e c 

I inclines a few degrees to the right liand, and n as much to the 

I left. They commonly make an angle of from TO to 90 de- 

I grees : they are called by the name of pallets, afb represents 

I a wheel turning round on aperpendicularaxis eo, in the order 

of the letters afeb. The teeth of this wheel are cut into the 
form of the teeth of a saw, leaning forward, in the direction of 
the motion of the rim. x\s they somewhat resemble the points 
of an old-fashioned royal diadem, this wheel Ijas got the name 
of the eroimi-wheeL In watches it is often called the balance-- 
j isoJieeL The number of the teeth is generally odd; so that 

* when one of them b is pressing on a pallet jd, the opposite pal- 

let c is in the space between two teeth a and i. The figure 
^ represents the pendulum at the extremity of its excursion to 

the right hand, the tooth a having just escaped from the paT 
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let c, and the tooth b Iiaving just dropped on the pallet d. It 
is plain, that as the [pendulum now moves over to the left, in 
the arch ro, the t^ooth b continues to press on the pallet d, and 
thus accelerates the pendulum^ both during its descent along 
the arch ph, and its ascent along the arch hg. It is no less 
evident, that when the pallet d, by turning round the axis xy, 
raises its point above the plane of the wheel, the tooth b escapes 
from it, and i drops on the pallet c, which is now nearly per- 
pendicular* I presses c to the right, and accelerates the mo- 
tion of the pendulum along the arch gp. Nothing can be more 
obvious than this action of the wheel in maintaining the vibra- 
tions of the pendulum. We can easily perceive, also, that 
when the pendulum is hanging perpendicularly in the line xh, 
the tooth B, by pressing on the pallet n, will force the pendu- 
lum a little way to the left of the perpendicular, and will force 
it so much the further as the pendulum is lighter ; and, if it be 
sufficiently light, it will be forced so far from the perpendicu- 
lar that the tooth b will escape, and then i will catch on c, and 
force the pendulum back to p, where the whole operation will 
be repeated. The same effect will be produced in a more re- 
markable degree, if the rod of the pendulum be continued 
through the axis xy, and a ball q put on the other end to ba- 
lance p. And, indeed, this is the contrivance which was first 
applied to clocks all over Europe, before the application of 
the pendulum. They were balance clocks. The force of the 
wheel was of a certain magnitude, and therefore able, during its 
action on a pallet, to communicate a certain quantity of motion 
and velocity to the balls of the balance. When the tooth b 
escapes from the pallet d, the balls are then moving with a cer- 
tain velocity and momentum. In this condition, the balance 
is checked by the tooth i catching on the pallet c. But it is 
not instantly stopped. It continues its motion a little to the 
left, and the pallet c forces the tooth i a little backward. But 
it cannot force it so far as to escape over the top of the tooth 
I ; because all the momentum of the balance was generated by 
the force of the tooth b : and the tooth i is equally powerful. 
Besides, when i catches on c, and c continues its motion to 
the left, its lower point applies to the face of the tooth i, 
which now acts on the balance by a long and powerful lever, 
and soon stops its further motion in that direction ; and now, 
continuing to press on c, it urges the balance in the opposite 
direction. Thus we see that in a scapenient of this kind the 
motion of the wheel must be very hobbling and unequal, 
making a great step forward, and a short step backward, at 
every beat. This nas occasioned the contrivance to get the 
name of the recoiling scapement^ or the scapcmcnt of recoil. 
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In this scapement the vibrations are quicker than if thebalance 
or pendulum vibrated freely ; for the recoil shortens the ascend- 
ing part of the vibratioDj by contracting the extent of the arc, 
and the re-action of the wheel accelerates the descending part of 
the vibration. In this scapement, too, if the maintaining power 
be increased, the vibration will be performed in larger arcs, but 
in less time ; because the greater pressure of the crown-wheel 
on the pallet will cause the balance to vibrate tbroogh larger 
arches; and the lime will be less increased on this account tlian 
it will be diminished by the acceleration that pressure gives to 
the balance and the diminution of the time of recoil* 

5^. The preceding scapement not being well adapted to such 
vibrauons as are performed through arcs of a few degrees only, 
another construction has been made which has been in constant 
use for about a century in clocks, with a long pendulum beating 
seconds. In fig. 2. ab represents a vertical wheel called the 
swing- wheel, having thirty teeth, cb represents a pair of pallets 
connected together, and moveable in conjunction with the pen- 
dulum on the centre or axis r. Gne tooth of the wheel, as 
shown in the figure, rests on the inclined surface of the inner 
part of the pallet c ; on w hich its disposition to slide tends to 
throw the point of the pallet further from the centre of the 
wheel, and consequently assists the vibration in that direction. 
While the pallet G moves outwards and the wheel advances, 
the point of the pallet d of course approaches tow'ards the 
centre in the opening between the two nearest teeth ; and when 
the acting tooth of the wheel slips off, or escapes from the 
})allet c, another tooth on the opposite side immediately falls on 
the exterior inclined face of d, and by a similar operation tends 
to push that pallet from the centre. The returning vibration is 
thus assisted by the wheel, while the pallet c moves towards the 
centre, and receives the succeeding tooth of the wheel, after 
the escape from the point of b. T hus may the alternation be 
conceived to go on without limit. 

In this scapement, as w^ell as the former, the vibrating part 
is constantly under the influence of the maintaining power, ex- 
cept during the interval of the drop, or actual escape of the 
wheel from one pallet to the other. One principal recommen- 
dation of this scapement seems to have been the facility with 
which it affords an index for seconds in the face of the clock. 
Though the pendulum, according to this construction, is con- 
stantly connected with the maintaining power in a clock, yet 
the variations of that power have not the same mischievous 
effect as in a watch, because the momentum of the penduliim, 
compared with the impulse of the maintaining power, is pro- 
digiously greater in the former of these instruments. A very 
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^nsicferable change in the maintaining power of a clock with 
a long pendulum will only cau«e a variation of a few seconds 
in the daily rate, 

S. Mr. Graham’s scapement, already spoken of, was a con- 
siderable impmvement upon that just described. He took off 
part of the slope furthest from the points of the pallets ; and 
instead of that part he formed a circular or cylindrical face, hav- 
ing its axis in the centre of motion. Pallets of this kind are 
shown at the lower part of fig. at k and o, having h for their 
centre or axis. A tooth of the wheel is seen resting upon the 
circular inner surface of the pallet o. which therefore is not 
affected by the wheel, excepting so far as its motion, arising 
from any other cause, may be affected by the friction of the 
tooth ; and this resistance is exceedingly minute, not amounting 
to one-eighth of the pressure on the arch. Nay, we think it 
appears from the experiments of Coulomb, that, in the case of 
such minute pressure on a surface covered with oil, tliere is no 
sensible retardation analogous to that produced by friction, and 
that what retardation we observe arises entirely from the clam- 
miness of the oil. If the vibration of the pendulum be supposed 
to carry a outwards, the slope surface will be brought to the 
point of the tooth, which will slide along it, and urge the pallet 
outwards daring this sliding action. When the tooth has fallen 
from the point of this pallet, an opposite tooth will be received 
on the circular surface of e, and will not affect the variation, 
excepting when the slope surface of e is carried out so as to 
suffer the tooth to slide along it. This contrivance is known 
by the name of the dead betit^ the dead scapemmf ; because 
the seconds index stands still after each drop, whereas the 
index of a clock with a recoiliog scapement is always in mo- 
tion, hobbling backward and forward. 

' In this scapement, an increase of tlie maintaining power 
renders the vibrations larger and slower : because the greater 
pressure of the tooth on the edge of the pallet throws it round 
through a greater arch ; and its increased pressure on both sur- 
faces of the pallet retards its motion. 

4. The efect of the scapement which has been called hori- 
zontal, because the last w’heel in watches of this construction 
has its plane parallel to the rest of the system, is similar to that 
of the dead beat scapement of Graham. In fig. 5, the hori- 
zontal wheel is seen with tw’^elve teeth, upon each of which is 
fixed a small wedge supported above the plane of the wheel, 
as may be seen at the letters a and b. On the verge of the 
balance there is fixed part of a hollow cylinder of steel or other 
hard material, the imaginary axis of which passes through the 
pivots of the verge, e represents this cylindrical pie<% into 
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which the verge d may be supposed to have fallen. While the 
vibration Oauses the cylindrical piece to revolve in the direction 
which carriesits anterior edge towards the axis of the wheel, the 
point of the wedge will merely rub the internal surface, and ik) 
otherwise affect the vibration of the balance than by retarding 
its motion. But when the return of the vibration clears the 
cylinder of the point of the wedge n, the wheel will advance, 
and the slope surface of the wedge acting against the edge of 
the cylinder will assist the vibration of the balance When the 
edge of the cylinder arrives at the outer point of the w^edge d, 
its posterior edge must arrive at the position denoted by the 
dotted lines of continuation; immediately after which the wedge 
or tooth E will arrive at the position and rest on the outer 
surface of tlie cylinder, where it will produce no other effect 
than that of retardation from friction, as was remarked with re- 
gard to the wedge n. until the course of the vibration shall 
bring the posterior edge of the cylinder clear of the point of the 
wedge. In this last situation, the wedge will act on the edge 
of the cylinder, and assist the vibration, as in the former case, 
until that edge shall arrive at the outer or posterior point of the 
wedge ; immediately after which the leading point will fall on 
the inner surface of the cylinder in the first position, as was 
shown in the wedge D. 

Horizontal watches were greatly esteemed for a consider- 
able time, until lately, when they gave place to those con- 
structions which are known by the name of detached or free 
scapements. In the common scapement, fig, an increase of 
the maintaining power increases the recoil, and accelerates the 
vibrations : but with the horizontal scapement there is no recoil ; 
and an increase of the maintaining power, though it may en- 
large the arc of vibration, will not necessarily diminish or alter 
the time. It is accordingly found, that the experiment of 
altering the maintaining power hy the application of the key 
does not alter the rate in the same perceptible manner as in 
common watches. 

5. Fig. 6, represents the free scapement of our best portable 
time-pieces. Fig. 4, exhibits the scapement on a large scale. 
On the verge of the balance is fixed a circular piece of sap- 
phire, or of hard steel, el, out of which a sectoral piece is cut. 
HG is a straight spring fixed near its extremity B, and having at 
the other extremity a pin g, against which one of the teeth of the 
wheel D rests when the train is at rest. This spring has a slight 
tendency towards the centre of the wheel, but is prevented by 
the stop K from throwing the pin further inwards than just to re- 
ceive the point of the tooth, i is a very slender spring fixed at 
the end i, and pressing very slightly against the pin G, in a di- 
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count of the greater power of hg it cannot eiFect. It may be 
observed that the spring i proceeds a little beyond the pin g.- 
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is a lever proceeding from the verge of the balance directly 
>poste the end of the spring i, and long enough to strike it in 
vibration. The action is as follows: — From the pressure of 
the main spring the wheel (fig. 4.) is urged from d towards f, 
but is prevented from moving by the pin g. Let the balance 
be made to vibrate, and the lever f will move through the arc 
strike the inner extremity of the spring i, and displace the 
pin G» At this instant the face f, which may be c.tlled the pal- 
let, will have arrived at the position against which the tooth 
of the wheel will fall, and communicate its impulse through 
about 15^ or 16*^ of the vibration. But f quits the spring i 
sooner than the wheel quits the pallet e, and consequently the 
pin G will have returned to its first station before the wheel can 
lave advanced a whole tooth, and the spring or detent hg will 
receive the wheel as before, immediately after its escape from 
the pallet The returning vibration of the balance will be 
made with the piece el perfectly at liberty between two teeth 
of the wheel, as in the sketch, and the back stroke of the lever 
F against the tender spring i will have no effect whatever on the 
pin G ; this spring being like the back spring of the jacks of the 
iiarpsichord, active in one direction only. The third vibration 
of the balance will unlock the detent as before ; the impulse 
will again be given, and the whole process will be repeated : 
and in this manner, the balance, though it may vibrate througli 
the greatest part of the entire circle, will be entirely free of the 
works, except during the very small time of the drop of the 
wheel. 

It is hardly necessary to make any remark on this scapenient. 
It requires little or no oil ; and when all the parts, particulaily 
the pendulum spring, are duly adjusted, it is found that a very 
great variation in the first mover will remarkably alter the arc of 
vibration without affecting the rate. The piece el might have 
consisted of a single pallet or arm, instead of a portion of a 
circle or cylinder ; but such a piece would have been rather 
less convenient to make in sapphire, or ruby, as in the best 
time-pieces, and would also have been less useful. For if by 
any accident or shock the pin g should be displaced for an in- 
stant, the wheel b will not run down, because it will be caught 
upon the circular surface of el. It is indeed very easy to ob- 
serve, that the piece el would operate without the detent, 
though with much friction during the time of repose. The 
tooth of the wheel would in that case rest upon its circular 
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6. In the two last scapements we have seen the variable ef- 
fects of the maintaining power almost entirely removed, as far 
as can be practically discerned. Fig. 7, exhibits the scape- 
ment of Mudge ; in which the balance is perfectly detached 
from the train of wheels, except during the extremely shorli in- 
terval of striking out the parts which serve the purpose of de- 
tents. OKEBQ is the circumference of the balance, vibrating 
by the action of a spiral spring as usual on its axis ca dh pass- 
ing through the centre c : the axis is bent into a crank, axyd., 
to make room for the other work, lm, zw, are two rods 
fixed to the crank at the points l and z, parallel to xy. 
c d efr s are fixed parts of the machine, tr is an axis con- 
centric with that of the balance, and carrying an arm go nearly 
at right angles to it, and a small auxiliary spring which is 
wound up whenever the arm GO is moved in the direction o/i. 
p is a curved pallet fixed to the axis te, which receives the 
tooth of the balance wheel near the axis. The tooth, pro- 
ceeding along the curved surface, by the force of the main 
spring turns the axis and itsarm go, and winds up the spring 
A small projection at the extremity of the curved surface 
of the pallet p prevents the further progress of the tooth, when 
the arm og has been turned through an arc oA, of about 27^ ; 
and consequently the spring s has been wound up through the 
same angle or arc, ooh = 27°.— fs is another axis exactly 
similar to TE. It carries its arm lo, and spring t?, and the 
tooth of the balance-wheel Im winds up the spring t’, by act- 
ing on the pallet and is detained by a projection, after having 
carried it through an angle of 27% exactly as in the former case. 
The arcs passed through by the arms go and io, and marked 
in the figure, are also denoted by the same letters on the rim 
of the balance. 

The effect of this scapement may be thus explained : let the 
balance be in the quiescent state, the main spring being un- 
wound, and the branch or crank in the position represented in 
the figure. If the guiescent points of the auxiliary springs 
coincide with that of the balance-spring, the arm go wiU just 
touch the rod lm, and in like manner the arm lo will just 
touch the rod wz; the two arms go and lo in this position are 
parallel to the line co. This position of the baiance and auxi- 
liary springs I'emains as long as the main spring of the ma- 
chine continues unwound; but whenever the action of the 
main spring sets the balance-wheel in motion, a tooth thereof 
meeting with one or other of the pallets p or will wind up 
one of the auxiliary springs : suppose it should he the spring w. 
The arm go being carried into the position g/z, by the force of 
the balance-wheel acting on the pallet remains in that position 
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as long as the tooth of the balance-wheel continoes locked by 
the projection at the extremity of the pallet p ; and the balance 
itself not being at all affected by the motion of the arm go, nor 
by the winding up of the spring w, remains in its quiescent 
position : consequently no vibration can take place, except by 
the assistance of some external force to set the balance in mo- 
tion, Suppose an impulse to be given sufficient to carry it 
through the semi-arc o b, which is about i35^ in Mr. Mudge’s 
construction. 

The balance, daring this motion, carries with it the crank 
AX TO, and the affixed rods lm, zw. When the balance has 
described an angle of about 21^ = the angle och, or oo/i, the 
rod LM meets with the arm gh, and by turning the axis tr, 
and the pallet p in the direction of the arc oA, releases the 
tooth of the balance-wheel from the projection at the extre- 
mity of the pallet : the balance-wheel immediately revolves, 
and the lower tooth meeting with the pallet winds up the 
auxiliary spring and carries the arm lo with a circular motion 
through the angle oiJc, about S7% in which position the arm lo 
remains as long as the tooth of the balance-wheel is locked by 
the pallet q, W hile the spring v is winding up through the arc 
oir, the balance describes the remaining part of the semi-arc 
and during this motion the rod lm carries round the arm gA, 
causing it to describe an angle Acb, or ^gb, which is measured 
by the arc ABrrlOS^. When the balance has arrived at the 
extremity of the semi-arc ob=: 1 35*^, the auxiliary spring u will 
have been wound up through the same angle of 130% that is to 
say, 27% by the force of the main-spring acting on the pallet p, 
and 108^ by the balance itself, carrying along with it the arm 
GO, or Gh, while it describes the arc Ab. The balance there- 
fore returns through the arc bo, by the joint action of the 
balance-spring and the auxiliary spring u; the acceleration of 
both springs ceasing the instant the balance arrives at the quies- 
cent point 0 . When the balance has proceeded in its vibration 
about 21® beyond the point o, to the position ck, the rod zw 
meets with the arm ih, BX\d by carrying it forward releases the 
tooth of the balance-wheel from the pallet The balance- 
wheel accordingly revolves, and the upper tooth meeting with 
the pallet p winds up the auxiliary spring u as before. The 
balance with the crank proceeding to describe the remaining 
semi-arc km, winds up the spring v through the further angle 
fen rr 108% and returns through the semi- arc eo, by the joint 
action of the balance-spring and the auxiliary spring both of 
which cease to accderate the balance the instant it has arrived 
at o. 

It may be remarked, in "this curious scapement, that the 


^CAPEMEKTS. 


S71 


I 



motloa of the balance in its semi-vibration from the point of 
quiescence is opposed through an arc of no more than 108^, 
but is accelerated in its return through the whole arc of 
and that the difference is what maintains the vibrations ; 
and moreover^ that the force from the wheel being exerted 
to wind up each auxiliary spring during the time it is to- 
tally disengaged from the balance, this last organ cannot be 
affected by its irregularities, except so far as they .may render 
it more difficult to disengage the rim of tlie pallet from the 
tooth. The balance describes an arc of abput 8® during this 
disengagement. 

Count Bruhl, in his pamphlet *^On the Investigation of 
Astronomical Circles,’’ after describing Mudge’s scapement, 
proceeds thus: By what has been said, it is evident, that 
whatever inequality there may be in the ppw;er derived from the 
main-spring (provided the latter be sufficient to wind up those 
little pallet-springs), it can never interfere with the regularity ol’ 
the balance’s motion, but at the instant of unlocking the pallets, 
which is so instantaneous an opei'ation, and the resistance so 
exceedingly small, that it cannot possibly amount to any 
sensible error. The removal of this great obstacle was cer- 
tainly never so effectually done by any other contrivance, and 
deserves the highest commendation, as a probable means to 
perfect a portable rpachine that will measure time correctly. 
But this is not the only, iwr indeed the principal, advantage 
which this time-keeper will possess oyer any other ; for, as it is 
impossible to reduce friction to so small a quantity as not to 
affect the motion of a balance, the consequence of which is, 
that it describes sometimes greater and sometimes smaller arcs, 
it became necessary to think of some method by which the 
balance might be brought to describe those different arcs in the 
same time. If a balance could be made to vibrate without 
friction or resistance from the medium in which it moves, the 
mere expanding and contracting of the pendulum-spring would 
probably produce the so much wished for effect, as its force is 
supposed to be proportional to the arcs described ; but as there 
is no machine void of friction, and as from that cause the velo- 
city of every balance decreases more rapidly than the spaces 
gone through decrease, this inequality could only be removed 
by a force acting on the balance, which assuming different ratios 
in its different stages, could counterbalance that inequality. 
This very material and foiportant remedy, Mr. Mudge has 
effected by the construction of his scapement ; for his pallet- 
springs having a force capable of being increased almost at 
pleasure, at the commencement of every vibration, the pro- 
portion in their different degrees of tension may be altered till 
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it answers the intended purpose. This shows how eiBFectnally 
Mr, Mudge^’s scapement removes the two greatest difficulties 
that have hitherto baffled the attempts of every other artist, 
namely, the inequalities of the power derived from the main 
spring, and the irregularities arising from friction, and the 
variable resistance of the medium in which the balance moves.*” 

7. Fig, 8, is the sketch of an adaptation of Mudge’s scape- 
ment to a clock, lm is a part of the periphery of the wheel. 
GA, GB, are two arms separately moveable on the same axis, 
and terminating in the pallets a, b. These pallets have inclined 
faces, with a claw or detent at the lower part of each, go, io, 
are tails proceeding from each pallet-piece respectively, and 
the dark spot at n represents a pin proceeding from the pen- 
dulum rod, and capable of moving either of the tails according 
to the course of the vibration. The dotted circles u and v 
represent weights which are stuck upon two pins, and may be 
changed for others, greater or smaller, until the most suitable 
quantity is found. Suppose the wheel to be urged from l to- 
wards M,and the pendulum made to vibrate by external impulse. 
The pin n proceeding towards l will strike the tail go, raise 
the pallet a, and set the wheel at liberty : which sliding along 
the inner surface of the pallet b, will raise it, and stop against 
the claw at its lower end. lo will consequently be carried into 
the position tp ; and the pallet a in its return will be opposite to 
a vacancy, which will permit the tail go to follow the pin n as 
far as the perpendicular situation. The pendulum will therefore 
be assisted by the weight u through a longer arc in its descent, 
than it was impeded by it in its ascent. In the opposite semi- 
vibration toward m, the pendulum will proceed unopposed by 
2 ?, while it passes through the angle oip, when it will raise b, 
and permit the wheel to elevate the pallet a. In the motion on 
this side of the perpendicular, it is also clear that the descent 
will be more assist^ than the ascent was impeded. Whence 
it follows, that the clock will continue to go : and no variation 
of the force of the wheel lm, which raises the pallets in the 
absence of the pendulum, wall affect the vibration, except so 
far as it may afford a variable resistance at the detent or claw. 

8. Mr. Mudge has also given another detached scapement, 
which he recommends for pocket-watches, and executed en- 
tirely to his satisfaction in one made for the queen. A dead- 
beat pendulum scapement is interposed between the wheels and 
the balance. The crutch ebf (fig. 3.) has a third arm dg stand- 
ing outwards from the meeting of the other two, and of twice 
tlieir length. This arm terminates in a fork agb. The verge v 
has a pallet c, which, when all is at rest, would stand between 
the points a, b, of the fork. But the wheel, by its action on 
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the pallet e, forces the fork into the position Bgb^ the point a 
of the fork being now where b was before, just touching the 
cylindrical surface of the verge. The scapement of the crutch 
EDF is not accurately a dead-beat scapement, but has a very 
small recoil beyond the angle of impulsion. By this circum- 
stance the branch a (now at b) is made to press most gently on 
the cylinder, and keeps the wheel locked, while the balance is 
going round in the direction bha. The point a gets a motion 
from A to B by means of a notch in the cylinder, which turns 
round at the same time by the action of the branch ag on the 
pallet c ; but a does not touch the cylinder during this motion, 
the notch leaving free room for its passage. When the balance 
returns from its excursion, the pallet c strikes on the branch 
A (still at b), and unlocks the wheel. This now acting on the 
crutch-pallet f, causes the branch & of the fork to follow the 
pallet c, and give it a strong impulse in the direction in which 
it is then moving, causing the balance to make a semi- vibration 
in the direction AHB., The fork is now in the situation Ag% 
similar to b^‘ 6, and the wheel is again locked on the crutch- 
pallet e. 

The intelligent reader will admit this to be a very steady and 
effective scapement. The lockage of the wheel is procured in 
a very ingenious manner ; and the friction on the cylinder, 

‘ necessary for effecting this, may be made as small as we please, 

notwithstanding a very strong action of the wheel; for the 
pressure of the fork on the c;^inder depends entirely on the 
degree of recoil that is formed on the pallets e and f. Pressure 
on the cylinder is not indispensably necessary, and the crutch- 
scapement may be a real dead-beat. But a small recoil, by 
keeping the fork in contact with the cylinder, gives the most 
perfect steadiness to the motion. The ingenious inventor, a 
i man of approved integrity and judgment, declares that her 

i majesty’s watch was the best pocket-watch he had ever seen. 

We are not disposed to question its excellency. 

9. Another scapement, in which a considerable degree of 
ingenuity is united with comparative simplicity, is that of Mr. 
De Lafons. The inventor's description, and some of his ob- 
servations, as presented to the Society of Arts, ate as follows: 

Although the giving an equal impulse to the balance has 
been already most ingeniously done % Mr. Mudge and Mr. 
Haley (from whose great merit I w’ould not wish to detract), 
yet the extreme difficulty and expense attending the first, and 
the very compound locking of the second, render them far from 
completing the desired object. 

The perfections and advantages arising from my improycn 
ments on the remoutoire detached scapement for chronometers^ 
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which gives a perfectly equal impulse to the balance^ and not 
only entirely removes whatever irregularities arise from the 
different states of fluidity in the oil^from the train of wheels, or 
from the main spring, but does it in a simpler way than any with 
which I am acquainted. I trust it will not be thought improper 
in me to answersoine objections made at the examinations before 
the committee, as f am fully persuaded the more mathematically 
and critically the improvements are investigated, the more per- 
fect they will prove to be. 

«« It was first observ^, that my method did not so completely 
detach the train of wheels from the balance as another scape- 
liaetit then referred to. I beg leave to remark, that the train of 
wheels in mine is prevented from pressing against the locking 
by the whole power of the remointoire-spring ; so that the balance 
has only to remove the small remaining pressure, w^hich does 
away that objection, and also that of the disadvantage of detents, 
as this locking may be compared to a light balance turning on 
fine pivots, without a pendulum-spring; and has only the advan- 
tage of banking safe at two turns of the balance, and of being 
firmer and less liable to be put of repair than any locking where 
spring-work is used, but likewise of unlocking with much less 
power. — It was then observed, it required more power to make 
fe go than usual. Permit me to say, it requires no more power 
than any other remontoire-scapement, as the power is applied in 
the most mechanical manner possible.— And, lastly, it was said, 
that it set or required the balance to vibrate an unusually large 
arc before the piece would go. This depends on the accuracy 
of the execution, the piroportionate diameter and weight of the 
balance, the strength of the remontoire-spring, and the length 
of the pallets. It these circumstances are wdl attended to, it 
will set but little more than the most generally detached scape- 
iuents.’^ 

A, shows the scape-wheel;j pi. XXIX. 

B, the lever-pallet, 6ti an drbor with fine pivots, having at 
the lower end 

c, the remontoire or spiral-spring fixed with a collar and stud, 
as pendulum-springs are. 

B, the pallet of the verge, having a roller turning in small 
^vots for the lever-pallet to act against. 

fe, Pallets to discharge the locking, with a roller betw^een, as 
hi fig. 10. 

F, arm of the locking-pallet continued at the other end 
to make it p<fise, Hating studs and screws to adjust and bank 
the quantity of motion. 

a and &, the locking-pallets being portions of circles, fastened 
on an arbor tumitjg on fine pivots. 
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G, the triple fork, at the end of the arm of the locking 
pallets. 

The centre of the lever-pallet in the draft is in a right line 
between the centre of the scape- wheel and the centre of the 
verge, though in the model it is not : but may be made so or 
not, as best suits the calliper, &c. 

The scape-wheel a, with the tooth 1, is acting on the 
lever-pallet b, and has wound up the springe: the verge-pallet 
n (tuiming the way represented by the arrow) the moment it 
comes within the reach of the lever-pallet^ the discharging 
pallet E, taking hold of one prong of the fork, removes the 
arm e, and I’elieves the tooth 3 &om the convex part of the 
lock a. The wheel goes forv;ard a little, just sufficient to per- 
mit the lever- pallet to pass, while the other end gives the im- 
pulse to the balance : the tooth 4 of the wheel is then locked on 
the concave side of the lock 5, and the lever-pallet is stopped 
against the tooth 5, as in fig. 11. So far the operation of giving 
the impulse, in order again to wind the remointoire-spring (the 
other pallet at E, in the return, removing the arm f the con- 
trary direction), relieves the tooth 3 from the lock 5. The 
wheel again goes forward, almost the whole space, firom tooth 
to tooth, winds the spiral spring again, and comes into the 
situation of fig. 1 , and thus the whole performance is completed. 
The end of the lower pallet b resting on the point of the tooth 
1, prevents the wheel exerting its full force on the lock a, as in 
fig. 1. The same effect is produced by the pallet lying on the 
tooth 5, by preventing the wheel from pressing on b ; and thus 
the locking becomes the tightest possible. This scapement 
may be much simplified by putting a spring with a pallet made 
in it, as in fig. 12, instead of the lever-pallet, and spiral-spring. 
The operation will be in other respects ezactly the same, avoid- 
ing the friction of the pivots of the lever-pallet. This method 
I prefer for a piece to be in a state of rest, as a clock; but the 
disadvantage, from the weight of the spring in different posi- 
tions, is obvious. The locking may be on any two teeth of the ' 
wheel, as may be found most convenient” 

Many other ingenious scapements have been contrived by 
Harrison, Hindley, Ellicott, Lepaute, LeRoy, Berthoud, Ar- 
nold, Whitehurst, Earnshaw, Nicholson, &c. But descriptions 
of them would extend this article to much too great a length. 
What is here collected will, we trust, furnish some insight into 
the nature of a few of the most approved scapements. 

SCREW, MACHINE FOE MAKING. Mr. Angus Mackinnon, 
of Glasgow, has invented a machine for this purpose, of which 
he has published the following description in the Glasgcm 
Mechanic^ Magazine, 
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Fig. 9, is a pkii, and fig, 10, is an end view of theniachifie 
for constructing the screw. ■ 

AA is the cast iron bar, upon which the die frame, bb, is 
made to move, cccc^ two strong springs, attached to the die- 
frame, having rollers, dddd^ on each end, moving upon the 
angular parallel edges of the bar aa. e is a frame for holding 
the cutter ; the cover being removed to show the action of the 
cutter upon the steel blinder, of which the screw is made. 
F, the steel cylinder; the point of the cutter (which must be 
adjusted to an angle, varying according to the pitch of thread 
wanted) is seen projecting from the frame e, being pressed 
forwarcl by the screw g. One end of the cylinder f, acts upon 
the centre in the head-stock i. The journal upon the other 
end of the cylinder works into the steel collar v. hlch h, four 
small screws for pressing forward the springs cccc. till, 
four small eyes in the die-frame, to which cords are attached, 
passing over the pulleys m m m m / w^eights being hooked on 
at the other ends of the cords, sufficient to overcome the fric- 
tion of the die-frame, n, the handle to turn the cylinder. 

In the beginning to make the screw, the two weights to the 
left are hooked on to the ends of the cords, and the cylinder is 
turned round by the handle, until the cutter traverses the 
length of the cylinder, when the weights are removed to the 
cords on the right hand. By continuing this operation alter- 
nately from right to left, an original and perfect screw is pro- 
duced, as exhibited in fig. 11. In the end view of the machine, 
fig. 10, 0 o represents one of the feet by which it is fastened to 
the bench. 

The same letters refer to the same parts of the machine in 
both figures where those parts are exhibited. 

Having obtained, as already described, one screwed cylinder; 
this is removed, and another of the same size is put into the 
machine. The same operation is performed on it as on the 
last; but it is not screwed to a full thread, the sharp cutter 
being removed when the spaces and threads are of an equal 
size, and a square cutter is put in its place, by means of which 
is obtained what is technically termed a square thread, as 
shown in fig. 1 2. In the same manner, a third and a fourth 
cylinder are screwed, each being successively a degree smaller 
than the preceding. 

The small frame holding the cutter is now removed, and 
replaced with dies, a set of which is to be screwed with each 
oi the above cylinders. When the dies are to be screwed, they 
are placed in the die-fratne with one of the cylinders already 
made, and pressed it by screws until they 

are fully screwed, irfte this they are replaced with another 
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cylinderj and another set of dies wbieh are likewise to be 
screwed. The same operation is performed with a third and 
a fourth set; (the first set of dies having a sharp thready 
the other set having square threads) ; after which they are to 
be tempered. The head stock is now removed to the left, to 
admit the cylinder of which the perfect screw is to be made, 
and fastened at any required distance, the machine being con- 
structed to cut a screw above three feet in length. 

The cylinder being placed between the sharp dies, which are 
gently pressed by the screws is torn^ round by the 

handle, until the die-frame reaches the left hand of the cylin- 
der ; it is then turned in the contrary way, and worked in the 
same manner as when using the cutter. When a square thread 
screw is to be made, the sharp dies must be removed after the 
, indentation is sufficiently deep to admit the square dies, which 

are to be substituted for the former ; when these have cut the 
screw to a considerable depth, a smaller set of square dies is 
taken in succession, until the screw is finished. 

N.B. Figs. 15 and 16 represent a small stock made of steel, 
and hardened, for holding the cutter while sharpening. Figs. 
17 and 18 represent an edge and side view of the cutter. 
Figs. 13 and 14 represent the dies. 

Auchimedes’s SCREW, or the is a machine 

I for raising water, which consists either of a pipe wound spirally 

round a cylinder, or of one or more spiral excavations formed 
by means of spiral projections from an internal cylinder, covered 
by an external coating, so as to be watertight. This screw is 
one of the most ancient, and at the same time ingenious, ms-, 
chines we know, being truly w'orthy of the name it bears, sup-^ 
posing Archimedes to be the real inventor. Though simple in 
its general manner of operation, its theory is attended with some 
difficulties which could only be conquered by the modern ana- 
lysis : it was first stated correctly, as far as we have been able to 
ascertain, by M. Ff/oi?, in the Memoires deT Academie Roymle 
des and afterwards more elaborately by hlulann Noy. 

Convment. Peiropoh tom. 5. Later attempts by Langsdorf* in 
his Handbuch der Mascldnenlehre^ and some other authors, are 
not to be relied on. That the nature of this curious machine 
may be the better understood, we shall first state generally its 
manner of operation ; and then present a more particular view 
of the calculus necessary to show the work it will really perform, 
and the force required as a first mover. 

1 . If we conceive that a flexible tube is rolled regularly about 
a cylinder from one end to another ; this tube or canal will be 
a screw or spiral, of which we suppose the intervals of the spires 
or threads to be equal. The cylinder being placed with its 
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axis in a vertical posMon* if we put in at the upper end of the 
spiral tube a small ball of heavy matter, which may move freely, 
it is certain that it will follow all the turnings of the screw from 
the top to the bottom of the cylinder, descending always as it 
would have done had it fallen in a right line along the axis of 
the cylinder, only itwould occupy more time in running through 
the spiral. If the cylinder were placed with its axis horizon- 
tally, and we again put the ball into one opening of the canal, 
it will descend, following the direction of the first demi-spire ; 
btttmben it arrives at 3ie lowest point in this portion of the 
tute it will stop. It must be remarked that, though its heavi- 
ne^ has no other tendency than to make it descend in the demi- 
spiref the oblique position of the tube, with respect to the 
horizon, is the cause that the ball, by always descending, is 
always advancing from the extremity of the cylinder whence it 
commenced its motion, to the other extremity. It is impossible 
that the ball can ever advance more towards the further, or as 
we shall call it, the second extremity of the cylinder, if the 
cylinder placed horizontally remains always immovable : but 
when the ball is arrived at the bottom of the first demi-spire, 
we car^e the cylinder to turn on its axis without changing the 
position of that axis, and in such manner that the lowest point 
of the demi-spire on which the ball presses becomes elevated, 
then the ball falls necessarily from this point upon that which 
succeeds, and which becomes lowest; and since this second 
point is more advanced towards the second extremity of the 
cylinder than the former was, therefore by this new descent the 
ball will be advanced towards that extremity, and so on through- 
out, in such a manner that it will at length arrive at the second 
extremity by always descending, the cylinder having its rotatory 
motion continued. Moreover, the ball, by constantly following 
its tendency to descend, has advanced through a right line equal 
to the axis of the cylinder, and this distance is horizontal, be- 
cause the sides of the cylinder were placed horizontally. But 
if the cylinder had been placed oblique to the horizon, and we 
suppose it to be turned on its axis always in the same direction, 
it is easy to see that if the first quarter of a spire actually de- 
scends, the ball will move from the lower end of the spiral tube, 
and be carried solely by gravity to the lowest point of the first 
demi-spire, where, as in the preceding case, it will be abandoned 
by this point as it is elevated by the rotation, and thrown by its 
heavine^ upon that which has taken its place: whence, as this 
point is further advanced towards the second ex- 
tremity of the than that which the ball occupied just 

before, and eonsequcmtly more elevated ; therefore the ball 
while following its tendency to descend by its heaviness, will be 
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always more and more elevated by viitue" of the robtionof the 
cylinder* Thus it will, after a certain mimberof ferns, be ad- 
vanced from one extremity of the tube to the other, or through 
the whole length of the cylinder; but it will only be raised 
through the vertical height determined by the obliquity of the 
position of the cylinder. 

Instead of the ball, let us now consider Water as entering by the 
lower extremity of the spiral canal, when immersed in a reser- 
voir ; this water descends at first in the can^l solely by its gra- 
vity ; bat the cylinder being turned, the water moves on in the 
canal to occupy the lowest place ; and thus by the continual 
rotation is made to advance further and further in the spiral, 
till at length it is raised to the upper extremity of the canal 
where it is expelled. There is, however, an essential difference 
between the water and the ball : for the ^ater, by reason of its 
fluidity, after having descended by its heaviness to the lowest 
point of the demi-spire, rises up on the contrary side to the 
original level; on which account more than half one of the 
spires may soon be filled with the fluid. This is an important 
particular, which, though it need not be regarded in a popular 
illustration, must be attended to in the more particular exhibi- 
tion of the theory to which we now proceed. 

2. The most simple method of tracing a screw or a helix 
upon a cylinder is well known to be this: take the height or 
length of a cylinder for one leg of a right-angled triangle, and 
make the other leg equal to as many times the circumference 
of the base of the cylinder, as the screw is to make convolutions 
about the cylinder itself; then if this Iriangle be enveloped 
about the surface of the solid, the Wo legs being made, the one 
to lie parallel to the axis of the cylmder, the other to fold upon 
the circumference of its base, the hypothenuse will form the 
Oontour of the screw. Suppose therefore here^ that upon the 
cylinder abcd (fig. 6. pi. XXIV.) we have rolled the right- 
angled triangle BDE, and that its hypothenuse be traces upon 
the cylinder the contour of the helix or the spires bf, oh, &:c. 
Then if a tube be formed according to the direction of this 
spiral, and a small ball put into it, if the cylinder were placed 
upright, the ball would roll to the bottom with the same velo- 
city and the same force, as it would have descended upon the 
plane jde, if Be were horizontal and bd verticaL But if the 
cylinder be inclined until it makes with the vertical ge an angle 
x\cL equal to the angle bed, or the angle which the threads of 
the screw make constantly with the base of the cylinder, in that 
case DE will be parallel to the horizon ; and whether the spires 
be few or many^ they will all be parallel to the horizon : so that 
there being nothing to occasion the ball v to move toward either 
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a or it will remain immoveable, supposing the cylinder to be 
at rest: but if the cylinder be turned on its axis in one direc- 
tion, the ball (abstracting from friction) will move the contrary 
way, in conformity with the first law of motion. 

8. The inclination acl = bed which we have just assigned 
is the least we can give, so that the ball shall not descend of it- 
self: but if we augment this inclination, or make the angle lac 
smaller, then by turning the cylinder in the direction cmd, the 
ball will always have a descent on the side towards h, and will 
mount, so to speak, by descending. The reason is very simple : 
the pkme whkh carries it mc^es it rise more in conseqiience of 
the rotatory motion^ than it descends hy virtue of the force (f 
gravity. 

4. There are several methods of determining the ratio of the 
weight of the ball r to the force f, necessary to make it rise by 
turning the screw. The following is perhaps the most simple : 
the force or power is to the weight elevated, as the vertical 
space passed over by the weight, is to the space passed through 
by the power in moving it Here the vertical space is cl, 
and if the moving force act at the circumference of the 
cylinder, the space passed over by that force will be equal 
to as many times the circumference of the cylinder’s base, 
as there are convolutions of the helix : thus we shall have 
BE ; CL p: f. 

flwample. Let the diameter ab of the cylinder be 14 inches, 
the vertical altitude cl = i2 feet or 144 inches, and 12 the 
convolutions of the spiral, the cylinder being so placed that the 
angle lac is less than bed ; the weight to be raised being a 
48ib. ball Then the circumference of the cylinder will be 
nearly 44 inches, and the 12 turns equal to 12 x 44=526 =bb. 

Hence we have 528 : 144 : : p : p : : 4S : ISylbs. the measure . 

of the requisite force at the surface of the cylinder. If the i 

moving force describe a circle whose diameter is S times that of I 

the cylinder, or act at a winch, whose distance from the axis of 
motion is 21 inches, that force will then be reduced to ^ of 13-|- 1 

or 4|lbs. which is less than of the weight of the ball. The ^ 

friction upon the pivots, &c. is not here considered. | 

Thus it appears that Archimedes’s screw^ may be used for 
other purposes than raising of water. It might be adapted with 
advantage in raising cannon balls from a ship to a wharf; and 
with the addition of a bevel-wheel or two and their pinions, j 

might be worked by either men or horses. 

5. The helix formed about a cylinder is a curve similar in all ^ 

its parts : that is, all the demi-spires, as aic, cr, ks, are similar ’ 

and equal ; is is also the same of tlie thirds, the fourths, &c. of ; 

the spires, and generally of all the equal portions of the curve. | 
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But when the cylinder is inclined, if we refer all the points of a 
demi-spire, such as aic, by perpendiculars, to the horizontal 
section of the cylinder (which section is elliptical, though re- 
presented in fig. 7. pi. XXIV. by a right line ad to prevent 
confusion in the diagram), we shall find that this demi-spire has, 
with regard to the horizontal plane ad, a highest point e, a low- 
est point E^, and a mean point i. In order to become acquainted 
with the effect of the screw in raising water, it is important to 
determine these three points. 

6. The mean point i is a point of inflection very easy to 

determine. To this end put the diameter a b the half- 

circumference AMB == c, the abscissa AP ==5 X, the indeter- 
minate arc AM = 5, the ordinate me of the spiral — and 
the height bc of a demi-spire = Hence, since we may con 
sider the demi-spire aic as having been formed by the njpo- 
thenuse of a right-angled triangle, one leg of which is equal to 
the halt-circumference amb, and the other equal to the line 
BC, we have this proportion, amb : bc : : am : me, or c : h 

: : s i V I whence, s zn the fluxion of which is s = 3^ 

k ^ , /i 

But by the nature of the circle s SQ 

= 1'. Therefore, following the usual method for points of in- 
flexion, by taking the second fluxions and supposing x constant, 

we have — ;/ — which gives x z=z r, and indicates 

that the point of inflexion i is in the middle of the demi-spire 

7. To find the highest and lowest points e, eV in addition to 
the characters before used, put bd = u, and ad f: we have 

from the foregoing article ^ =:^,and the similar triangles abb, 
APF, give AB : BD :: Air : pf, or 2 r : a : : x: ^ == pf. There- 
fore EF 3: PE — PF = — — for since we consider pm as 

c ytr 

perpendicular to te, it follows that me and pe will be equal, 
and consequently pe = The similar triangles abd, eeg, 

^ ^ hs ax . Mrs ax 

give AD : AB ; ; EE : eg, or,/: 2r : : — “ 

EG. This value of eg ought to he a, maximum ; its fluxion, 
therefore, that is, — ~ = 0. But from the nature of the 

circle we have s ~ Substituting for s in the pre- 

ceding equation this value of it, and reducing, we soon find a' zz 
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r ± — Of these two values of a?, the lower 

detemiines the valae ap. corresponding to the highest point e ; 
the upper shows the value ap' corresponding to the lowest 
point e'. 

8 . Through the highest point E having drawn the horizontal 


water, or as it is sometimes called the kydrophormis arc ^ for all 
jLhe, points ,pf this arc bdpg below the points e,o, and these 
jtwp points being in the level of jthe surface, the water will be 
in equiHbrio in Uiat arc. To find the magnitude, and of consc- 
cjuence the quantity of water carried by an hydrophorous arc, 
the diameter of the tube which forms tne screw being given, it 
IS evident that we have only now to determine the, point o or 
extremity of the arc eco, the other extremity having been 
found by the preceding article. In order to this, denote ab, 
BD, by the same letters as before; the variable abscissa bq by 
and its arc bn by ^ : the line ef (found as in art. 7 .), or its 
equal or put zz e. Then the similar triangles abd, 

give AB : BD : : ao : gii, or 2 r : a i : %r . x — ; 

therefore go c: — + c. Now, by the property of the 


screw, 

7tc + hs 


we have amb : BC : : ambn : no, or c : k : ; c + $ i 
' NO. But go and no being two lines perpendi- 


cular to the base of the cylinder, .and both of them terminating 
in the plane of the ellipse, or of the cylindric section eo, it 
follows that go == NO.; that is, from what has gone before, 


2ar- 


hc A- hs 


2r 


QiJ* - — • -p fi, — • £2 " 

2r c 


/?= Q. As the re- 
solution of this equation depends upon the rectification of the 
arc we can only substitute the value of s in terms of by an 
infinite series formed of z and its powers; where the resulting 
equation becoming more and more complex and erabarrassing, 
as a greater number of terms of the series is taken, we should, 
:by pursuing it, be involved in a very long and tiresome opera- 
tion : to avoid this we shall have recourse to the following table 
calculated by M. Pitot. 

This table contains values of the arcs bn = *^5 corresponding 
to those of Bgrz; s:, given in parts of the diameter ab zr 
divided into ^00 parts. This granted, having found by the pre- 
ceding article the value of e, we reduce A — a — e to one number 

only, which let be vepresented by n : then have we~ + ^ = 
It. Lastly, we take, in ;the t^ble, jdiffer^t, values of x and of the 
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corresponding arc, till we have discovered that which renders 

az . /is ■ ■ .■ ■ 

~ “i — — equal to the number n, or nearly so. 

To find the length of the faydrophorous arc eco, having de- 
termined the arcs am and bn, it is proper to observe that, by 
the formation of the screw (art. 2.), the length of one of the 
demi-spires aec is equal to the hypothenuse of a right-angled 
triangle, of which amb r:: r, and bc A are the legs: unis 
the demi-spire aeo = (cc -f AA). If now we put m for the 
known arc mbn, we may take this analogy, viz. amb : aec 
: : MBN : f.co, or c : V + A^) : : m + h^) = eco, 

and thus obtain the value of the arc which carries the water, or 
of the hydrophorus arc sought 

Table of arcs corresponding to parts of radius dimdedinto 100 


9 . Example of the calculation (^am ji^drc^orous arc. Tor 
an example of this kind of calculation for the length of the hy- 
drophorous arc ECO, let us take the diameter ab = 2r of 200 
parts, theheigiit bc = h = 80 of the same parts, bd= a =100 
parts ; then the semi-circumference amb will be nearly =^314* 
of those parts. Substituting these values in the expression a?= 
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^ 1 - JL 4//V) (art. 7.), there results ap = ,v — 13*45 

of the same parts: and by means of the table just given, the 
arc AM = s, is found =: .53*3. Substituting these values of x 

and 5 in the equation -y ^ we find the value, c, of ef 

or KO = 6*86. 

To have at the same time the value of bq = and of the 
arc BK which we now call $ ; these values of hy Cy Sr and c 

most be substituted in the equation^ Y = ^ + ^3 so as 

to have ^ rz 53*72. By means of the preceding table it 

is soon found that Bg zr 2: = 21, and bn = 6' = 665 very 
nearly. 

Then to find the arc mbn, which we have called my we 
have the wJiole arc ambn = 314 + 66 = 380, from which de- 
ducting the arc AM = 5S*3, there remains mbn = m = 326-7. 
The length of the demi-spire aec == 
and finally — + h^) — 337*13 the length of the hydropho- 
rus nrc eco. 

10. The diamier of the the screw bemg given 

with that of the tuhe which forms the spiral y and the given 
length qfthe screWy to find the quantity qf^ water carried by the 
hydrophorous arcSy ana the height to which the water is elevated 
the mclhiation of the spiral being as before. 

Let the diameter ab of the screw be 1 foot, that of the spiral 
tube in which the water is raised 3 inches, and the length of the 
screw SO feet This granted, to have the length in feet and 
inches of an hydrophorous arc, say, as the £00 parts of the 
diameter of the table: 1 foot or 12 inches : : 337T3 before 
found : £0*2 278 inches, the real length of the hydrophorous arc. 
Every such arc then carries a cylinder of water 3 inches dia- 
meter and 20*2278 inches long. Let us next inquire how many 
such arcs there will be in the whole length of the screw, or 30 
feet. It is evident, in the first place, that every turn or convo- 
lution of the helix on the arbor of the screw carries one hydro- 
phorous arc : to find, therefore, the number of turns, it must be 
observed that the height bc of one of the demi-spires is in our 
example 80 parts, or the height as of an entire spire 1 60 parts ; 
the diameter ab of the base, which is 1 foot, being 200 of those 
parts : hence £00 : 12 : : 160 : 9*6 inches, the height of one 
spire. Dividing the inches in 30 feet by 9*6, the quotient gives 
more than 37 tor the number of spires; consequently there will 
be 37 hydrophorous arcs. The quantity of water in all these 
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hydrophorous arcs is ecjual to the quantity in a cylinder the 
diameter of whose base is 8 inches, and height = x 

37 == 748‘4£86 inches, or nearly 62^ feet. Such a cylinder of 
water is easily found to weigh 191 -SIS lbs. avoirdupois. 

We have now to determine the vertical height to which the 
screw we have taken for an example will elevate the water : and 
this may be accomplished very easily; for, the triangles adb, 
BYZ, being similar, we have ad : ab : : bt : yz>== £6*883 feet. 
Finally, under this head, to find the ^ngle which the arbor or 
axle of this screw makes with the horizon, say, as bd : ba : ; 
rad. : tan. adb = tan. ybz the angle sought: thus the angle 
YBZ is found = 68® 2&. 

1 1 . Campy tatimi of the force reguisite to itirn the screw *- — 
In the example we have taken, the weight of the water con- 
tained in the 87 hydrophorous arcs being 191 -SIS lbs. to find 
the force necessary to be applied at the circumference of the 
cylinder, we must say, according to the rule in art. 4. as 37 
times the circumference of the cylinder’s base (= 1395*714 
inches) is to the vertical height through which the water is 
elevated (== £6 f. i 0 i. = 3£2 inches), so is the weight of water 
(=191 ’313 lbs.) to the weight 44*14 lbs. equivalent to the 
force which must be applied to the circumference of the screw 
to keep it in motion when once it has begun to turn. But if 
this force or power, instead of being applied at the circum- 
ference of the screw, acts by a handle and winch at the distance 
of 10 inches from the axis of the cylinder, the requisite 
force will only be ^ or f of the former ; it will, therefore, be 
£6*48 lbs. 

1 2. Computation of the quantity of water xcliich the screw 
will raise in a given time,~Io find the quantity of water raised 
by the screw proposed as our example, we must know the velo- 
city with which the assigned force carries round the handle. 
Suppose, for instance, the handle, and consequently the screw, 
makes one rotation in 5 seconds, it is very manifest the screw 
will then expel the quantity of water contained in 1 hydro- 
phorous arc in 5 seconds ; and in 37 times 5 seconds, that is 185 
seconds or 3^^ 5^, it will raise a quantity weighing 191 *31311)8. 
To find the quantity raised in an hour, say, asl85 : 3600 (seconds 
in an hour) : : 191’313 : 3719lbs. nearly. Or, if the quantity 
be calculated in ale gallons, it will be found equal to 364'6£. 
If the velocity with which the handle is moved be tripled, which 
it may be without rendering the work too fatiguing, the, quan- 
tity raised will be tripled, and nearly 1 094 gallons will be raised 
£6 feet 10 inches in an hour. This coincides very nearly with 
Desaguliers’s estimate of the water which a man can raise by 
almost any hydraulic engine. 
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13. Having dwelt thus long upon the theory of Archimedes’s 
screw, but little remains to complete our observations. It is 
obvious from what has been remarked, that this screw can 
never raise water when the angle which the central line of the 
spiral makes with the base of the cylinder is larger than the 
angle included between the base of thecylinder and the horizon ; 
that k, it is always necessary that baz should be equal to, if 
not greater than, bed (fig. 6. pi. XXIV.) In practice, indeed, 
it is advisable that cal be between 40^ and 60^, and baz 
— BED between 10^ and The mean of both these is most 

to be i*ecommended* 

Sometimes Archimedes’s screw, instead of being worked by 
men at a winch, is turned by means of float-boards fixed about 
the circumference of its lower end, upon which a stream of 
water acts : if the water have a moderate fall, it will have 
sufficient efficacy to turn two screws, one above another ; the 
top of the lower screw and the bottom of the upper screw may 
act the one upon the other, by means of a wheel upon each 
with an equal number of teeth taking into each other : in tliis 
case the upper screw will turn in a contrary direction from the 
othei*, and consequently the spiral tube must be wound about 
the cylinder in an opposite direction. A solid wheel, or a light 
wheel with a heavy rim, turning upon the middle of the screw 
as an axis, will operate like a fly, and in some cases be very useful. 

In the preceding investigations no notice has been taken of 
the effects of the air included in the spiral : yet if the spiral had 
been folded upon a cone instead of a cylinder, or if it had been 
formed of a flexible tube of varying diameter, these effects 
would have been important : some of them are considered in 
our account of the spiral pump. See Hydiiaulic Machmes^ 
No. 10. 

M. Cagniard, formerly an ^leve of the Polytechnic School, 
has struck out a very ingenious application of Archimedes^s 
screw. He employs it as bellows, in a machine which pro- 
duces rotatory motion by means of a reservoir of hot water. 
When the screw is turned in the direction of the motion of the 
points which described the helices of which its threads are com- 
posed, the water which bathes the lower extremity of the screw 
does not rise in its threads, but still farther descends below the 
screw, being replaced by the exterior air which escapes through 
the orifices of these threads. Thus M. Cagniard causes the 
air to descend to the bottom of a vessel full of water of the 
temperature of the atmosphere: another vessel filled with 
water to 1 80 (of F^renheit) contains a cylinder which is 

moveable on its a^d iS entirely immersed in the water : this 
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cylinder is furnished with spouts in the directican of its length. 
The cold air passes from the bottom of the first vessel to that 
of the second, by means of a sj^hon ; it enters the spouts of the 
cylinder, there becomes heated, and forces the cylinder to turn. 
The rotatory motion of the axis of the cylinder is transmitted 
to the axis of the Archimedean screw, and the motion of the 
cylinder is continued solely by the action of the hot water upon 
the atmospheric air. 

For various purposes to which this improvement may be ap- 
plied, see Hachette, Traite de Machines, 149 — 154 

SHIP Bloch Machine}^* See Block. 

SHOEMAKERS’ implemekt, to enable them to work in 
a standhig 'postnre. Such an instrument has been contrived by 
Mr. Thomas Holden of Fettleworth, Sussex ; and its inventor 
rewarded with fifteen guineas by the Society of Arts. It re- 
sembles a stand, such as is used for reading desks ,* at the top 
of which is a small block of wood, excavated so as to form a 
proper bed for the last, and the moulds or instruments used in 
making boots, which are kept firm upon it, by a stirrup or 
endless strap. The hollow block is joined into anotlier piece 
(which connects it to the stand), so as to admit of a vertical 
motion ; and it is retained, at any angle, in this motion, by a 
circular Gatch, with notches formed in its side, to fasten it on 
an iron catch projecting from the lower piece. This lower 
piece is shaped into a small cylinder beneath, which entering 
into a hole formed for it on tlie top of the pillar of the stand, 
permits the hollow block to be moved round about, without 
stirring the stand ; so that, by the combination of these two 
motions, it may be placed in any position . Behind the hollow 
block, and on a level with it, an horizontal piece of board is 
supported by a small pillar, rising from one of the feet of the 
stand, and secured firmly by a brace to the stand itself: this 
board supports the tools and implements wanted, ready at 
hand for the workman’s use. 

The design of this invention is to obviate the necessity of 
using that very unwholesome posture in which shoemakers are 
accustomed to work; which compresses the lungs and bowek 
in such a manner, as to occasion consumption, inflammation oi 
the bowels, and a variety of other frightful complaints. 

The efficacy of the alteration of posture permitted by this 
instrument, which enables the workman to stand at his work, is 
very well proved in the case of the inventor of it ; who has 
produced a medical certificate, that he was for many years so 
afflicted with bowel complaints and piks, that he was under the 
necessity of leaving off his trade entirely, if he could not contrive 
to work standing ; and that, since he has made use of this im- 
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plement, his complaints are entirely removed, and he is so im- 
proved in flesh and countenance, that he looks not like the 
same man and, for some years, has had no occasion for me- 
dicine. He has made many hundred pairs of shoes on this stand, 
and recommends also its use, as the quickest way of closing 
all the thread work.” 

This implement might be made still more simple, by leaving 
out the part used to give the hollow block a circular motion, 
which does not appear always necessary, from the facility which 
the workman has, when standing at it, to place himself instantly 
at any side of the work he pleases ; it would, as appears to us, 
be full as little, if not less, trouble to him to let the instrument 
remain unmoved, and turn himself round instead of it, as to 
stand still while he turned it about : though a small quantity of 
light confined to one direction may in some cases render the 
increased apparatus necessary. 

A wooden vice of a proper height, fixed to a stake, and 
secured even by a wedge, if a screw should be deemed ex- 
pensive, would also hold a last in any position required for the 
workman. 

Another contrivance for this purpose by Mr. J. King, has 
been lately recommended by the same society. The machine 
consists of an oblong frame of wood of two sides, with cross 
pieces. It may be conveniently fixed in a situation, and at a 
proper height for working, by screwing down to a window-sill, 
by means of two screws, such as are used for bedsteads. 
These and an iron bracket, extending from the /rent of the 
machine, being screwed against the wainscot, support the ma- 
chine very steadily ; or a stand, consisting of proper legs, may 
be used, if preferred. The external parts of the machine are 
covered with leather, so as to become like cushions to support 
the last, and it is held down by a strap, which has a loop or 
treadle at the bottom, for the foot. The principal novelty of 
this invention consists in a lever, which is attached by an iron 
link to a wire, upon which it moves as a centre; and when that 
is down in its place, a small point or beak of iron enters into 
holes made in an iron plate; and the other end of the lever 
comes to rest on a stop, which has several holes in it. The end 
of the lever has, also, a little iron beak, which enters these holes. 
Tims, when the lever is down, it becomes an immoveable cross- 
bar of the frame, and the last maybe held or wedged in between 
this, and either slide of the frame, and held down by the strap. 
But to adjust the width of the opening, on which the last lies, 
nothing more is necessary than to lift up the lever, so that the 
point clears the holes of the plate, then sliding the link along 
ibe wire, to the intended width, and shutting it down again, the 
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beak or point enters some other hole of the plate, and holds 
the lever fast in the nev7 position, so as to adapt it to the width 
of any last, or to hold it in any position, at pleasure. 

Mr, King observes that, at other times, the last is held down 
by the foot-strap pressing the lever upon it — that the machine 
forms an universal vice, supporting and holding the last firmly 
down upon the cross-bar, in any required position. Two stiff 
pieces of sole-leather are also fixed in the frame, which, in cer- 
tain positions, support the last. 

SIPHON, See Crane. 

SPIRAL-pump, at Zurich* See Hybraclic 
,No. 10. 

STEAM-ENGINE, an engine originally contrived for 
raising water by means of the expansive force of the steam or 
vapour produced from water or other liquids in a state of ebulli- 
tion. This has been often called the Fire^gine, because of the 
fire used in boiling the liquid ; but the latter term has, of late, 
been properly confined to machines for extinguishing fires. 

The steam-engine is justly deemed one of the most curious, 
important, and serviceable mechanical inventions, not only of 
modern, but of any times; particularly when it is considered 
with regard to some of its late improvements, which render it 
applicable to all kinds of mill-work, to planing, sawing, boring, 
and rolling machines, and indeed to almost every purpose that 
requires a powerful first mover, whose energy may be modified 
at the pleasure of the mechanist 

The principles and manner of operation of the steam-engines 
of Savery, Newcomen and Cawley, and of Watt, may be under- , ? 

stood from the following brief explanations and remarks, which j : 

are meant as preparatory to the more detailed accounts of ] 

several engines with which we have been favoured. J 

1. Let there be a sucking pipe with a valve opening upwards 
at the top, communicating with a close vessel of water, not 
more than thirty-th ree feet above the level of the reservoir, and 
the steam of boiling water be thrown on the surface of the water 
in the vessel, it will force it to a height as much greater than 
thirty-three feet as the elastic force of the steam is greater than ? 

that of air ; and if the steam be condensed by the injection of | 

cold water, and a vacuum thus formed, the vessel will be filled ! 

from the reservoir by the pressure of the atinosphere; and the 
steam being admitted as before, this water will also be forced | ! 

up; and so on successively. 

Such is the principle of the first steam-engine, said by the | 

English to be invented by the Marquis of Worcester ; while the j 

French ascribe it to Papin : though we believe the fact is that ; 

BrancaSi an Italian, applied the force of steam ejected from ^ 
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large eolipile as an impelling power for a staraping-engine so 
early as 16^. The bint so obscurely exhibited in the Marquis 
of Worcester’s Century of Inventions (see the word Wok- 
CESTEii in this alphabetical arrangement) was carried into 
effect by Captain SSavery. 

If the steam be admitted into the bottom of a hollow 
cylinder, to which a solid piston is adapted, the piston will be 
forced upwards by the difference between the elastic forces of 
steam and common air ; and the steam being then condensed, 
the piston will descend by the pressure of the atmosphere, and 
so on successively. This is the principle of the steam-engine 
first contrived by Messieurs Newcomen and Cazd^^ of Dart- 
mouth. This is sometimes called the atmospherical engine, 
and is commonly a forcing-pump, having its rod fixed to one 
end of a lever, which is worked by the weight of the atmo- 
sphere upon a piston at the other end, a temporary vacuum 
being made below it by suddenly condensing the steam, that 
had been admitted into the cylinder in which this piston 
works, by a jet of cold water thrown into it. A partial vacuum 
being thus made, the weight of the atmosphere presses down 
the piston, and raises the other end of the straight lever, toge- 
ther witli the water, from the well. Then immediately a hole 
is uncovered in the bottom of the cylinder, by which a fresh 
quantity of hot steam rushes in from a boiler of water below 
it, which proving a counterbalance for the atmosphere above 
the piston, the weight of the pump rods, at the other end of 
the lever, carries that end down, and raises the piston of the 
steam-cylinder. The steam hole is then immediately shut, 
and a cock opened for injecting the cold water into the 
cylinder of steam, which condenses it to water again, and thus 
making a vacuum below the piston, the atmosphere again 
presses it down and raises the pump-rods, as before; and so 
on continually. 

3. The great features of improvement made by Mr. JVatt 
upon the engine of Newcomen and Cawley are, as Mr. Nichol- 
son remarks, first, that the elasticity of the steam itself is used 
as the active power in this engine ; and, secondly, that besides 
various other judicious arrangements for the economy of heat, 
he condenses the steam, not in the cylinder, but in a separate 

In the cylinder or syringe, concerning which we have spoken, 
in mentioning the engine of Newcomen, let us suppose the upper 
part to be closed, and the piston-rod to slide air-tight through a 
collar of leathers. In this situation, it is evident that the piston 
might be depressed by throwing the steam upon its upper sur- 
&ce, through an aperture at the superior end of the cylinder. 
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But if we suppose the external air to have access to the lower 
surface of the piston^ we shall find that steam no stronger in its 
elasticity than to equal the weight of the atmosphere would not 
move the piston at all ; and consequently, that this new engine 
would require much denser steam, and consume much more mel, 
than the old engine. The remedy for this evil is to maintain a 
constant vacuum beneath the piston. If such a vacuum were 
originally produced by steam, it is certain that its permanency 
could not be depended on, unless the enrine contained a provi- 
sion for constantly keeping it up. Mr.^Watfs contrivance in 
his simplest engine is as follows ; The steam is conveyed from 
the boiler to the upper part of the cylinder through a pipe, 
which also communicates occasionally with the lower part, 
and beyond that space with a vessel immersed in a trough of 
water; in which vessel the condensation is performed by an in- 
jected stream of cold water. This water is drawn ofij not by an 
eduction-pipe, but by a pump, of which the stroke is sufficiently 
capacious to leave room for the elastic fluid, separated during 
the injection, to follow and be carried out with the injection 
water. Suppose now the piston to be at its greatest elevation, 
and the communication from the boiler to the upper as well as 
to the lower parts of the cylinder to be opened. The steam 
will then pass into the whole internal part of the engine, and 
will drive the air downwards into the condenser, and thence 
through the valves of the air-pump. In this situation, if the 
communication from the boiler to the lower part of the cylinder 
be stopped, and an injection be made into the condenser, a 
vacuum will be produced in that vessel, and the steam con- 
tained in the lower part of the cylinder and communication 
pipe will expand itself with wonderful rapidity towards the 
condenser, so that, in a period of time too minute to be appre- 
ciated, the whole of the steam beneath the piston will be 
practically condensed. The steam which continues to act 
above the piston will immediately depress it into the vacuum 
beneath: at the same time that by connexion with the ex- 
ternal apparatus the piston of the air-pump also descends in its 
barrel. When the stroke is nearly completed downwards, the 
requisite part of the apparatus shuts the communication with 
the boiler, opens that between the upper and lower parts of the 
cylinder and condensing vessel, and turns the injection cock. 
At this very instant the piston loses its tendency to descend, 
because the steam presses equally on both surfaces, and con- 
tinues its equality of pressure while the condensation is per- 
formed, It therefore rises; the injection is stopped; and the 
air-pump making its stroke, suffers the injection water and a 
considerable part of the elastic fluid to pass through its lower 
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Talve. The vacuum is thus kept up through the whole internal 
capacity of the engine. As soon as the piston has reached the 
upper part of the cylinder, the communication to the under 
part of the cylinder is stopped, and that with the boiler opened, 
as before ; the consequence of which is, that the piston again 
descends ; and in this manner the alternations repeatedly take 
place. 

The principal augmentation of power in this engine, com- 
pared with that of Newcomen, arises from the cylinder not 
being cooled by the injection water, from its being practicable 
to use steam, which is more powerful than the pressure of the 
atmosphere, and from the employing of this steam both to 
elevate and to depress the piston. In general, these engines are 
worked by steam, which would support a column of four or 
five inches of mercury besides the pressure of the atmosphere, 
and sometimes more ; for Mr, Nicholson says, he has sometimes 
seen the gage as high as eight inches. Mr, Watt has made 
several successive modifications and additions to the engine just 
described, some of which will be further spoken of in the course 
of this article. 

In the first edition of this work there was Inserted a history 
of the successive improvements in the steam-engines by Mr. /. t/. 
Homblower* ; instead of which I shall now insert an abridg- 
ment of that history, and of the Edinburgh Reviewer’s reply to 
it, as given in the fifth volume of the Retrospect of Philoso- 
phical and Mechanical Discoveries,” &c. 

4. Mr, HortMower'^ account of the Steam-engwe , — After 
remarking that it is unnecessary to dwell upon the early part of 
this history, already treated by Desaguliers and his followers, 
Mr. Hornblower observes, there are, however, some particulars 
during this period which deserve notice. One of these relates 

* As I have been exposed to much calumny and misrepresentation for admitting' 
that Hatoric sketch into my work, I beg to remark that I did it solely from motives of 
benevolence. Till the time my second volume was preparing for the press, I knew 
nothing of Mr. Homblower : but a friend of mine, on whose judgment I placed great 
reliance, who was well acquainted with Mr. H. and thought highly of his moral 
character, as well as of his mechanical skill, had a full persuasion that through a 
series of unfortunate circumstances, he had never had justice done him, and urged me 
to allow Mr. Homblower to tell his own story. I yielded to his solicitations; and in 
consa^ueuce exposed myself to the malevolence of certain writers, who in one short 
note of ten lines ( JE'afk. Rev, vol. xiii, p. 3^X7), publishedyb^r positive, wilful falsehoods, 
for the honourable purpose of injuring my reputation. I however forgive them, al- 
though they treated me unjustly; and trust they will ere now have forgiven me, for 
permitting an injured (though perhaps hasty) man to defend his own cause, and that 
of bis femily. He is now beyond the reach of those who wished to promote his welfare, 
as well as of those who, by unfairly depreciating his character, involved him in ruin. 
His latter years were rendered comfortoble, not by the liberality of his own country- 
men, but of an opulent and scientiiic Stsede, who knew how to appreciate and to reward 
bis merit as an engineer. , ^ 
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to Depguliers’s account of the method of leathering the piston, 
in which Mr, H. thinks he has erred in stating it to have been 
discovered by accident. Another respects what he says of an 
experiment made by Mr. Beighton, with a view of ascertaining 
j the comparative magnitude of such steam as was generally 

1 used for working an engine, in respect to the quantity of water 

from which it was produced, and which is stated to be in the 
ratio of 13,338 to 1 ; but which Mr. H, from Mr. Beighton’s 
statement, calculates at % 655 ^ to 1 ; and he considers even this 
to be more than what may be observed in some of the most 
improved engines of the present time. He also conceives that 
experiments of this nature and date have either been conducted 
or related in so loose and inaccurate a manner, that little de- 
pendence can be placed upon the results, 
i Friction and inertia were at this time considered as the two 

grand objects which the engineer had to overcome ; and some 
different modes of condensation were tried, but without much 
advantage being derived from them. The water in the piston, 
whenever it was a tight one, became hot, and a considerable 
degree of heat was expended in its evaporation. Several im~ 

! )rovements, however, were attempted in the construction of 
)oilers, some of which succeeded, and are still in use: hut the 
grand obstacle was to be surmounted by Mr. Watt. Previous to 
Mr. Watfs improvements, the boring of the cylinders had been 
j executed in a very imperfect manner; and in several of those 

engines in which the water obtained from the mines was used 
for condensing the steam, this defect soon became so much in- 
creased by its corroding properties, that it was almost impos- 
sible to keep the piston tight, and in some cases the packing 
was rammed so hard as to sustain the whole pressure of the 
[ atmosphere. 

j Such was the general state of this engine when Mr. Watt 

( obtained his patent in 1769, and engaged to grant licenses for 
the use of his improved engines, on the condition of receiving 
one-third of the advantage which should result from the saving 
of fuel in working those of his construction. Much of the 
merit ascribed to Mr. Watt, for the improvement in boring the 
cylinders, Mr. H. says is really due to Mr. Wilkinson, with 
whom it, as well as most of what related to the iron-foundery, 
originated. The method of condensing the steam in a separate 
vessel, is likewise said to have been discovered by a Mr. Gains- 
borough, about the time that Mr. Watt was engaged in bringing 
forward his improvements, and communicated to Mr. Watt by 
1 an officious acquaintance of Mr. Gainsborough, 

i An attempt had been made before this time to drain some of 

j the deep mines of Cornwall, by a new application of Savery^'s 
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€ngine 5 furnished with an apparatus for opening and shutting 
the usual communications by means of cocks and valves. In 
this application it was proposed to employ the force of steam 
expansively, with a stratum of air between it and the water, to 
prevent its condensation ; and Mr. Blakey obtained a patent for 
his improvements : but one of the steam- vessels bursting before 
the steam had attained a sufficient power for the Intended pur- 
pose, showed the imp^actusability of the scheme, and it was 
abandoned. 

Mr, Hornblower thinks that those who have attempted to 
estimate the defects of Newcomen's engine have erred in stating 
the vacuum to hf such only as would cause a weight to be raised 
of about pounds for every square inch of the piston; and says 
that the column of water alone was equal to that weight, inde- 
pendent of both friction and inertia, which were very consider- 
able ; he also adds, that he tried the vacuum of several engines 
in Cornwall, and found that which was least to bear a load of 
11*6 pounds on the square inch. Another error has been com- 
mitted with regard to the purport of the counter- weight attached 
to the outer end of the lever, which has been stated to be em- 
ployed to overcome part of the pressure of the atmosphere at 
the return of the stroke of the engine : thui is 7iot iim caseT 
It is used for the purpose of regulating the speed of the engine’s 
wox’king, and both the weight and the end of the lever on which 
it is placed are to be varied by t!ie attendant according to 
circumstances ; the three principal of these that require to be 
attended to in this regulation, are, ‘'V first, that the pump- 
buckets shall descend, but without such force as may endanger 
the breaking of the pump-rods ; secondly, that this descent shall 
nevertheless be as quick as possible : but, thirdly, that it shall 
not impede the discharging functions of the engine.” With 
respect to the application of steam, the old atmospheric engine 
possesses one advantage which Mr. Watfs single engine does 
not admit. In pumping water from mines, it is necessary that 
the speed of the engine should be regulated according to the 
influx of the water ; and in the old engine this is effected by 
merely regulating the intensity of the fire, as by this means the 
force of the steam on the lower side of the piston may be varied 
from an equilibrium with the pressure of the atmosphere to 
exceed it by two pounds on each square inch of the piston, 
which, in a cylinder of 60 inches in diameter, amounts to a 
force of 72(X) pounds. This advantage, however, relates 
only to the working of pumps ; for since its application to the 
purposes of giving motion to mill-work, it has been a desi- 
deratum to maintain a uniform force or action on the crank, in 
order to produce the same effect on the fly. When the engine 


STBAM-fiKOWM* 


395 


was first applied for the purpose of prodpciag ro^dve motioi), 
it had not the advantage of a double stroke, as at present ; and 
the mode of equalizing the strokes was by a rod which con- 
nected the engine and the mill together, or a weight laid on 
that end of the lever. This mode, when applied to the old 
engine, required that the work to be performed by it was nearly 
of ail uniform nature during the time of its action. But Mr# 
Watt accommodated this circumstance in his ^ngle engine by 
rendering the discharge constant, and not liable to be aifected 
by any variation in the resistance, and checking the entrance of 
steam by a contrivance that prevents the plenum valve from 
opening to its greatest extent. The first notice, however, , of a 
rotative motion being communicated by the steam-engines was 
about the year 1778, when Mr. Washbrough obtained a patent 
for that principle, and applied it at his own works for turning 
lathes and other purposes. 

The valve by which the air is discharged, and called the 
blowing valve, Mr. H, says, was not applied to any of Mr. 
Watt’s engines previous to his going into Cornwall, as before 
that time this operation was usually performed by a temporary * 
brake attached to the discharging pump. This valve was first 
applied by Mr. Hornblower at an engine on amine called Ting 
Tong, w^hich he erected for the proprieiopsy and not for Messrs# 
Boulton and Watt, as has been stated. 

The most novel circumstance in the operation of Mr, Watfs 
single engine, and which is a fine accompaniment of the im^ 
prover’s principal object, is, that when the steam has acted on the 
piston to the limits of the stroke, it is permitted to re-^nter 
cylinder below the piston* It generally ^happens in engines 
erected for pumping water, that they are calculated to go deepey 
than the present bottom of the mine; and therefore, if all the 
steam which enters the cylinder for one stroke was to be con- 
densed, the engine would act with its whole power, and the effect 
would be to destroy itself : on which account, in engines thpp 
circumstanced, the injection is to be stopped long before the 
termination of the stroke which leaves a residuum of steam # 
the bottom of the cylinder, that proves an effectual bankiog to 
the piston; even so far as to support it when the chains to whicb 
it is appended have become quite slack by the momentum given 
I to the lever during, the action of the steam on the piston. We 

j believe it was this circumstance that indicated to Blr. Watt the 

I advantage of shutting off the steam from the boiler soon after 

I the commencement of the stroke.” 

1 As the valve which must be opened at each succeeding stroke 

of the engine, in order to secure its action, is kept down by a 
j weight equal to the pressure of the atmosphere, added to the 
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lelastidty of the steam above that pressure ; and it is necessary 
that this valve should be opened as quickly as possible; in large 
engines it requires a considerable force to effect it in such a 
manner as not to impede the' performance of the engine. Mr. 
Hornblower says that it was suggested to Mr. Watt to make the 
valves double, by placing a small one in the middle of the larger, 
and it was adopted ; but the difficulty of keeping them in com- 
plete repair caused the method to be given up. In all the best 
enginesj a weight or spring was applied for the purpose of 
opening this valve. But Mr. Jos. Hornblower is said to have 
constructed this valve on a new principle, in order to effect this 
purpose more completely ; and his mode is here preferred to 
any that had been previously in use. 

Such was the state of Mr. Watt’s improvements, and of his 
single engine, when new wants gave rise to new inventions. 
Some of the Cornish miners wished to carry their works to a 
greater depth than could be conveniently done by the engines 
then in common use, and Mr. Watt invented his double-stroke 
engine. In the single engine, the piston is connected to the 
lever by chains lying on the arch of the inner end, but in this 
it must be connected by a mode that will render the rod rigid in 
its action upward ; and this Mr. Watt has effected by a most 
ingenious system of transverse joints, which compels tne rod to 
a motion parallel to itself. At the other end of the lever a rod 
connects the motion of the engine to a fly, by the application of 
one wheel fixed on the axis of the fly, and another on the rod 
that is connected to the lever. But, as simplicity is always a 
desideratum in the construction of machinery, Mr. Hornblower 
gives the preference to a simple crank with a fly of such weight 
as may have the required momentum with a less velocity. 

A patent was taken out in 1781, for an improvement on Mr. 
W’atfs single engine by Mr. Jonathan Hornblower of Penrhyn. 
This improvement consisted in obtaining a greater power by a 
complicated force of the steam than could be obtained by its 
simple action in the common mode. This is effected by the 
use of two cylinders of different capacities. And Mr. H. after 
inquiring into the effect of using steam according to each of 
these modes, compares the results together as follows: If we 
obtain the accumulated pressure by taking a mean of the 

extremes, we shall find Mr. Watt’s application to be 

n £0, leaving 1£ lbs. at the termination of the stroke. The 
application ofthe principle in the present instance, by taking 

the mean of the extremes, will be = ^1, leaving 18 at 

the termination of the stroke ; which, in point of advantage 
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in favour of the double cylinder, is as 8 to 2, a point of no 
small magnitude in the practical application of this principle, 
and which seems to have been overlooked by all those who 
have taken up the subject.” Mr. Hornblower is here stated 
to have entered upon this project in the y«ir 1*776, and con- 
tinued it until he had made a large working model, in which 
the cylinders were 11 and 14 inches in diameter; and that Mr. 
Watfs use of the expansive valve had never been put in prac- 
tice until long after Mr. Hornblower had projected the design 
of his double engine- This gentleman also had another patent 
granted him for an engine having a rotary motion within itself, 
by the immediate action of steam on four revolving pistons, 
mounted on an arbor with a hollow axis. 

The two improvements in the engine invented by Mr. 
Edmund Cartwright, are a tight piston and a condenser from 
which the atmospheric air is excluded. This last is made of as 
thin copper as the nature of its application will admit, and a 
large external surfiice is exposed to the vrater in order to keep 
it at a low temperature, so that when the steam comes in contact 
with it internally the condensation may be produced. An engine 
on this principle erected at Horseley-down is said to give great 
satisfaction to its proprietor, and to perform its operations 
effectually. For Mr. Cartwright’s rotary motion, see fig. 4. 
pL XXIIL 

Mr. Hornblower then concludes his subject with observing 
that Mr. Watt’s engine, as it now stands, is the work of six- 
and-thirty years, and we may hold it as complete in its kind as 
it possibly can be. It has exercised the ingenuity of the in- 
ventor, besides frequent accessions from the ingenuity of other 
men : various pretensions and conceits no doubt will abound to 
rival its excellency, and time only , the arbiter of human affairs, 
wUr determine their fate. We would rather see a laudable 
competition prevail to simplify its parts, without affecting the 
principle, either by reducing their number, or by dispensing 
with their costly finish, or both, that it may come within the 
compass of the middle ranks as well as the more opulent; and 
the man who sets the example will deserve well of his country.” 

5. The Edinburgh Rememer'^s Jccmnt of Steam-engmes.^ 
The honour of inventing the steam-engine is ascribed to the 
Marquis of Worcester, as the first idea of it is found in a small 
work, entitled, Century of Inventions f published by him in 

1065, and consisting of brief accounts of a number of schemes 
relative to inventions and improvements, which had at various 
times presented themselves to his mind. What relates to his 
contrivance, which has obtained the appellation of steam-engine, 
is very short and obscure; and all that can be obtained from it 
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i% that he had actually had a machine constructed for raising 
water by means of steam ; but in what place or manner this was 
elfected is probably not to be ascertained. It is supposed, that 
the force of this engine was derived solely from the elastic powet 
of steam, and that the condensation of steam by cold constituted 
no part of his invention. This last is attributed to Captain Sa- 
very, who had erected several engines previous to the year i 696, 
when he published a small tract, entitled The Miner^sFriend.^^ 
In his engines, the alternate condensation and pressure of the 
steam took place in the same vessel into which the water was 
first raised by the pressure of the atmosphere, and then expelled 
•by the elasticity of strong steam. 

The next who effected any essential improvement in this en- 
gine was Newcomen ; and for which he obtained a patent in 
1705. This consisted in causing the steam to act in different 
vessels from those in which the water was raised ; and employ- 
ing the weight of the atmosphere for the purpose of pressure 
only, while the air was displaced by means of steam, and a va- 
cuum produced by condensation. This was no small improve- 
ment, as it enabled him to make use of steam of much less 
elasticity, and therefore to work with less heat, which produced 
a considerable saving in the expense. To him this engine is 
indebted for the introduction of the steam cylinder and piston, 
their connexion with the pump by means of the main lever with 
its rods and chains, and several other inventions of less im- 
portance. 

In this state, however, the engine required the constant at- 
tendance of a man to open and shut the cocks by which steam 
and cold water were alternately admitted, until Mr. Henry 
Beighton, in 1717, invented the means, or at least perfected the 
melanism, for making the engine perform this operation itself. 
Several other of its parts were also much improved by him. No 
further improvement of consequence was made in the structure 
of this engine until the year 1764 : it still continued to be styled 
Newcomeffs, or the atmospherical engine; and was still subject 
to many imperfections. The steam was condensed in the cylin- 
der ; the hot water was expelled by the force of the steam ; the 
•piston was forced down by atmospheric pressure, and was kept 
tight by being covered with water ; the injection cistern was 
eotisiderably elevated, in order that water might enter with 
greater force. Experience had proved that the engine could 
only be loaded with about seven pounds for each square inch of 
the piston, and the great difference between this weight and that 
of the aimc^phera was*stt|^posed to be occasioned by friction. 
The ijuablity a given quantity of 

and’lhe'qnaBrity^aflt&w'^j^ridited'froin it, were^alike 
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unknown ; and whether the heat of steam comespdnd^d exactly 
to its temperature, as well as the proper quantity of injection- 
water, for a cylinder of certain dimensions, had not been deter- 
mined. 

Mr. Watt, at that time a mathematical instrument maker at 
Glasgow, undertook the repair of the model of a steam-engine 
of this nature belonging to the university of that city ; and in 
the course of his trials with it, he discovered that it required a 
gi’eater quantity of both fuel and injection-water in proportion 
than large engines. In order to ascertain the cause of this dif- 
ference, and remedy these defects, he made many experiments 
relative to the best materials for making cylinders ; the means 
of producing a more perfect vacuum ; the heat at which water 
boils under different degrees of pressure ; and the quantity of 
water necessary to produce a given bulk of steam under the or- 
dinary pressure of the atmosphere. These points, as well as the 
quantity of fuel requisite to evaporate a given quantity of water, 
and the quantity of cold water to be injected at each condensa- 
tion of the steam, being determined with a much greater degree 
of precision than before, the cause of the defects in Newcomen’s 
engine became evident. It appeared that the steam could 
not be condensed so as to form an approximation to a vacuum, 
unless the cylinder, and the water it contained, were cooled 
down to less that 100®; and that, at greater degrees of heat, 
the water in the cylinder must produce steam, which would in 
part resist the pressure of the atmosphere. On the other hand, 
when greater degrees of exhaustion were attempted, the quan- 
tities of injection-water required to be increased in a very great 
ratio; and this was followed by a proportionate destruction of 
steam on refilling the cylinder.’’* A consideration of these cir- 
cumstances led Mr. Watt to conclude, that in order to obtain 
the most perfect vacuum with the least possible waste of steam, 
it was necessary that the cylinder should be brought to a tem- 
perature of less that lOG®, and that no steam should be con- 
densed in refilling it. Mr. Watt perceived, that to effect this 
the cylinder must be kept always as hot as the steam by which 
it was filled ; and that, by opening a communication between 
the cylinder when full, and another vessel (which he calls a 
condenser) exhausted of air, the steam would rush into the 
condenser until the equilibrium was restored ; and that if a suf- 
ficient quantity of cold water were injected into the condenser, 
the steam it contained would be reduced to water, and no more 
steam would enter until the condensation was complete. The 
condenser he emptied of its air and water by means of a pump, 
which is known by the common name of the air-pump. Some 
defects still remained to be remedied in Newcomen’s cylinder, in 
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which the piston was kept tight by means of water, some of 
which pass^ by the sides of the piston, and injured the vacuum 
by its evaporation : this water, as well as the atmospheric air, 
also reduced the temperature of the cylinder considerably. 
« Mr. Watt removed these defects, by applying oils, wax, and 
fat of animals, to lubricate his piston and keep it tight : he put 
a cover on his cylinder (with a hole in it made air and steam 
tight, for the piston rod to pass tlirough), and employed the elas- 
tic force of steam to press upon the piston ; he also surrounded 
the cylinder with a case containing steam, or a case of wood, or 
ofotber non-conducting substance, which would keep it always 
of an equable temperature,"*’ 

The improvements of this engine being carried to this length 
in Mr. Watt’s mind, he executed a working model in the year 
1765, which fully answered his expectations. It worked readily 
with a load of 10~ lbs. for each square inch of the piston, and 
was even capable of raising 1 4 lb. per inch ; and required only 
about one-tiiird of the steam that was necessary in the common 
atmospheric engine to produce the same effect. 

Mr. Watt having erected an engine on a large scale for Dr. 
Roebuck of Kinneil, which confirmed his previous expectations, 
and in which the saving of fuel e.xceeded two-thirds of what was 
used in Nevvcomen'^s engines; he then obtained a patent for his 
inventions in 1769; and Dr. Roebuck became associated in the 
prospects which it opened. Dr. R. however, soon disposed of 
his interest in the concern to Mr. Boulton, the founder of Soho 
manufactory ; and the business of constructing steam-engines 
soon after commenced under the firm of Boulton and Watt. 
In reducing his inventions into practice on a large scale, Mr. 
Watt now made improvements in several of the parts of New- 
comen’s engine. He caused the cylinders to be bored with a 
greater degree of precision than had been previously done; he 
adopted a new mode of constructing the' piston and screwing 
down the packing, and secured the rod in the piston in a more 
perfect manner ; he introduced puppet-valves into the steam- 
boxes or nozles, instead of the old sliding regulators ; he used 
better means of opening these valves, and added various im- 
provements in the working gear ; he suspended the working 
beam, so that the centre of motion was below the centre of 
gravity, instead of being above, as in the old engines ; and lie 
improved the mode of setting the boilers on the grates, as well 
as the apparatus for keeping the boilers regularly supplied with 
water.’* iSe likewise used the steam in some of his early reci- 
procating engines to act expansively. 

The next object that engaged Mr. Watt’s attention was that 
of applying the power of steam to produce rotary motion ; and 


STEAM-KNGtNE. 


iOl 




for this purpose he took out a patent for a steam-wheel which 
he had invented ; but this mode was abandoned from a persua- 
sion that this motion would be better derived from the motion 
of the piston in the reciprocating engine* This kind of motion, 
however, had been obtained in an atmospheric engine erected 
at Hartley coalery, in Northumberland, as early as 1768* On 
one end of the beam was fixed a tooth sector, which worked into 
a trundlcjj and this last, by means of two pinions with ratchet- 
wheels, produced a rotative motion in the same direction, by 
both the ascent and descent of the arch ; and by changing the 
position of the rackets the motion could be reversed. This 
engine worked but very imperfectly. 

In 1769, a patent was obtained by a Mr. Stewart, for an 
engine which produced a rotative motion, by a chain going over 
a pulley, and round to barrels furnished with ratchet wheels : 
a weight was suspended to the loose end of this chain, for the 
purposeof continuing the motion during the return of theengine. 
Mr. Washbrough’s patent mode of communicating a motion of 
this nature, by the reciprocating strokes of the steam engine, 
was virtually the same as had been previously used in the en- 
gine at Hartley, with the addition of a fly ; which was now used 
for the first time, but which had been previously thought of by 
Mr. Watt. It is also stated, that the idea of communicating ro- 
tative motion from the beam of the steam-engine, by means of 
a crank, had early occurred to Mr. Watt, but that he did not 
set about putting it in practice till the year 177S or 1779, when 
he had a model made for that purpose, which performed to his 
satisfaction; and it is added, that a workman, who had been 
emplojj^ed on the model, informed the persons engaged about 
one of Mr. Washbrough'^s engines of the contrivance. Mr. 
Watt then set about other modes of producing the same effect ; 

and, in 1781, took out a patent for several new methods of 
applying the vibrating or reciprocating motion of steam engines 
to produce a conlinued rotative motion round an axis, one of 
which was that beautiful contrivance of the revolving motion of 
one wheel round another. This, however, was only part of 
what Mr. Watt saw to be necessary, in order to perfect this 
application of the steam-engine. The steam had hitherto been 
i|sed only to press down the piston, which was returned by 
weight at the opposite end of the beam, so that the power of 
the steam maybe said to have been inactive during that period. 
Mr. Watt remedied this, by applying the power of the steam to 
press the piston down, as well as to press it up, thus forming 
alternately a vacuum above and below the piston. This be 
called the double engine ; and, in fact, it doubled the pow^er ex- 
erted within the same cylinder. He had long had in his mind 
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the idea of this improvemeEt; and had even produced a draw- 
ing of it to the House of Commons in 1*774 time he 

procured the act to prolong his original patent ; but the first he 
executed was, we believe, at Soho, in the year 1781 or 178^, 
and the first public exliibition of it at the Albion Mills a few 
years later*,' 

About the same period, finding double chains, and racks, and 
sectors, very inconvenient for communicating the motion of the 
piston-rod to the angular motion of the beam, he invented and 
applied what has been called the parallel motion^ one of the 
m<^t ingenious and most perfect contrivances in mechanics. 

To prevent irregularities in the speed of the engine, arising 
from the variations in the quantum of power used at (Jifieront 
intervals in the works to which it was applied, he made an ap- 
plication of the centrifugal force of what is called the governor 
(before used in wind and water mills), to regulate the admission 
of the steam ; by this means keeping the engine always at a 
uniform velocity, and diminishing the consumption of steam in 
proportioia to the power exerted; thus giving the finishing stroke 
to the perfection of the motion of this mamiine, and rendering 
its regularity nearly correspondent with that of the pendulum of 
aclock. 

Oimvaiiom,~Jn the perusal of these accounts (say the 
editors of the Retrospect), our readers will perceive, that in the 
former of them are mentioned the inventions of Mr. Gainsbo- 
rough, for condensing the steam in a separate vessel; of Mr. 
Blakey, for employing the expansive force of steam ; of Mr. Jos. 
Hornblower, for a new construction of the valve which forms 
a communication between the boiler and the cylinder ; of Mr. 
Jonathan Hornblower, for obtaining a greater power by a com- 
plicated force of steam in an eMine with a double cylinder; 
and of Mr. Edmund Cartwright, for a vacuous condenser and an 
improved method of packing the cylinder, which are not noticed 
in the latter. In the last an account is given of the original 
invention by the Marquis of Worcester ; the improvements of 
Captain Savary, Newcomen, and Beighton; and of the rotatory 
motion at Hartley coalery, and of Stewards patent method for 
the same purpose, which are not inserted in the former. 

Besides the difference in these accounts, relative to the inven- 
tiohsof Mr.Watt, Mr. Washbrough, and others, the Reviewers, 
in their animadversions upon the view which Dr. Gregory 
and his associate have taken of the same subject,” observe re- 

* I have bem informed, by the late Mr. H. Goodwyii, that Messrs. Boulton and Watt 
^ect^ an engine of this kind at his Porter Brewery in East Smithfield, and that Mr. 
Bennie applied it to the different branches of the establishment tlierCj about two years 
before the Albion Mills were completed. 
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spectiog Mr. Gainsborough^s invention, is quite iropc^ible 
that Mr. Watfs idea of condensing in a separate vessel coild be 
derived from that gentleman. Mr. Watt, while he resided at 
Glasgow, about the year i764 or 1765, invented that method of 
condensation. Mr. Gainsborough^s improvement, whatever it 
was, was posterior by more than twenty years.” Mr. Horn- 
blower states, relative to the same subject, that Mr. Gainsbo- 
rough’s model succeeded so well as to induce some of the 
Cornish adventurei's to send their engineer to examine it; and 
the report was so favourable as induced an intention of adopt- 
ing it. This, however, was soon after Mr. Watt had his act of 
parliament passed for the extension of his term ; and he had, 
about the same time” (1774), made proposals to the Cornish 

f entlemen to send his engine into that country. This necessarily 
rough t on a competition, in which Mri Wsftt succeeded.*^ 
And he also adds, it is well known that Mr. Gainsborough 
opposed the petition to the House of Commons, through the 
interest of General Conway.” How this statement, and the 
concluding sentence of the preceding one, can be reconciled 
with each other, we are under the necessity of leaving to our 
readers to determine; we, however, cannot perceive any 
reason why these inventions should not have taken place in- 
dependently. 

When speaking of the engine for which a patent was taken 
out in 1781 by Mr. Jonathan Hornblower, of Penrhyn, the 
Reviewer says, In the account, however, one circumstance is 
omitted, which is very material in the history of this engine, viz. 
that in the year .1799, it became the subject of an action, as an 
infringement of Mr. Watt s patent ; and that the miners, who 
had used the engines of this construction, paid the portion of 
savings in fuel claimed by Messrs. Boulton and Watt for the 
use of their invention, rather than risk the event of a lawsuit. 
It should, besides, be observed, that if this engine merits the 
eulpgium bestowed upon it, it seems singular, that not one of 
the kind has since been erected, though all legal obstructions 
were removed, by the expiration of ]\&. Watt's patent in the 
year 1800.” He likewise observes, that the patent granted to 
Messrs. Murray and Wood in 1801, for their invention of the 
nozles or steam-valves, and the method of opening them, was 
set aside in 1802 or 1805, by a writ of scire facms^ at the in- 
stance of Boulton and Watt. 

To this abridgment of the controversial papers on the hi- 
story of steam-engines, it may be proper to add, that when the 
account of the Edinburgh Reviewers was published, Mr. Horn- 
blower was abroad. As soon as he saw it, he complained of its 
gross partiality and inaccuracy,” and meant to reply to it ; but 
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was prevented by death. We shall now proceed to describe a 
few approved constructions, beginning with that of Mr. Watt, 
of which a most perspicuous account has been given by Dr. 
Brewster, as follows. 

6. Watfs Steam-engine.~Refernn^ to pi. XXX. cd is the 
boiler in which the water is converted into steam by the heat of 
the furnace n. It is sometimes made of copper, but more fre- 
quently of iron : its bottom is concave, and the flame is made to 
circulate round its sides, and is sometimes conducted by means 
of flues even through the middle of the water, so that as great a 
surface as possible may be exposed to the action of the fire. In 
^me of Watt’s engines the fire contained in an iron vessel was 
introduced into the middle of the water, and the outer boiler 
was formed of wood, as being a slow conductor of heat. When 
the furnaces are constructed in the most judicious manner, eight 
square feet of the boiler’s surface must be acted upon by the 
fire or the flame, in order to convert one cubic foot of water 
into steam, in the space of an hour. When fire is applied 
to the boiler, the water is not converted into steam till it has 
reached the temperature of 212® of Fahrenheit, or the boiling 
point. And, indeed, when the water is pressed by air or steam, 
more condensed than the atmosphere, a temperature greater 
than 212® is necessary for the production of steam : but the 
heat requisite for this purpose increases in a less ratio than the 
pr^sure to be overcome. The steam which is produced in the 
boiler is about 1 800 times rarer than water, and is conveyed 
through the steam pipe ce, into the cylinder g, where it acts 
upon the piston and communicates motion to the great beam 
AB. But before we trace the mode of transmitting this motion, 
we must describe the very ingenious method em^oyed by Mr. 
Watt for supplying the boiler regularly with water, and pre- 
serving it at the same level of ; a circumstance which is abso- 
lutely necessary, that the quantity and elasticity of the steam in 
the boiler may be always the same. The small cistern w, placed 
above the boiler, is supplied with water from the hot well A, by 
means of the pump and the pipe To the bottom of this 
dstern is fitted the pipe which is immersed in the water of, 
and is bent at its lower extremity, in order to prevent the en- 
trance of the rising steam. A crooked arm 2 /d', attached to the 
side of the cistern «/, supports the small lever which moves 
upon d? as a centre. The extremity & of this lever carries, by 
means of the wire 5'p, a stone or piece of metal f, which hangs 
just below the surface of the water in the boiler, and the other 
extremity a' is connected by the wire a'u with a valve at the 
bottom of the cistern t/, which covers the top of the pipe 
Now, it is a maxim in hydrostatics, that when a heavy body is 
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suspended in a fluid it loses as much of its weight as is equal to 
that of the quantity of fluid which it displaces. When the water 
• 0 P 5 therefore, is diminished by the conversion of part of it into 
steam, the upper surface of the body p will be above the fluid, 
and its weight will consequently be increased, in proportion to 
the quantity of the body that is not immersed. By this addi- 
tion to its weight the stone p will cause the extremity V of the 
lever to descend, and, in consequence, by elevating the arm 
will open the valve at the top of the pipe ur^ and thus gra- 
dually introduce a quantity of water into the boiler, equal to 
that which was lost by evaporation. This process is continu- 
aliy going on, while the water is converting into steam: and it 
is evident that too much water can never be introduced ; for as 
soon as the surface of the water coincides with the surface of 
the body p, it recovers its former weight, and the valve atu 
shuts the top of the pipe wr. 

In order to know the exact height of the water in the boiler, 
two cocks 7c and I are employed, the first of which reaches to 
within a little of the height at which the water would stand, 
and the other, I, reaches a very little below that height. If the 
water stands at the desired height, the cock k being opened, 
will give out steam, and the cock I will emit water, in conse- 
quence of the pressure of the superincumbent steam on the water 
op, but if water should issue from both cocks, it will be too high 
in the boiler ; and if steam issues firom both, it will be too low. 

As there would be great danger of the boiler's bursting if the 
steam should become too strong, it is furnished with the safety 
valve a:, which is so loaded, that its weight, added to that of the 
atmosphere, may exceed the pressure of the interior steam, 
when of a sufficient strength. As soon as the expansive force 
so far increases as to become dangerous to the boiler, its 
pressure preponderates over the pressure of the atmosphere 
and the safety valve : the valve therefore opens, and the steam 
escapes from the boiler, till its strength is sufficiently diminished, 
and the safety valve shuts by the predominance of its pressure 
over that of the interior steam. By opening the safety valve the 
engine may be stopped at pleasure : and to effect this, a small 
rectangular lever, with equal arms, is fixed upon the side of the 
valve, and connected with its top; to one of these arms a chain 
is attached, which passes over a pulley, from a horizontal to a 
vertical direction, so that by pulling it the valve is opened, and 
the machine is stopped. 

From the dome of the boiler proceeds the steam-pipe CE, 
which conveys the steam into the top of the cylinder a by means 
of the steam-valve a, and into the bottom of the cylinder by 
means of the valve c. The branch of the pipe which extends 
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frpm a to c is cut off in fig. in order to show the val^e 6, but 

is chstinctly visible in fig. 2, which iia view of the pipes and 
valves in the direction je-M. The cylinder o is sometimes in- 
closed in a wooden case, in order to prevent it from being 
cooled by the ^bient air; and sometimes in a metallic case, 
that it may be surrounded and kept warm by a quantity of steam 
which is brought from the steam-pipe ec, through the pipe eg, 
bjf turning a cock. It is generally thought, however, that little 
benefit is obtained by encircling the cylinder with steam, as the 
quantity thus lost is almost equal to wbat is destroyed by the 
coldness of the cylinder. After the steam, which was admitted 
above the piston q by the valve a, and bdow it by the valve c, 
has performed its respective oflBces of depressing and elevating 
the piston, and consequently the great beam ab, it escapes by 
the eduction valves 5and d, fig. 1 and 2, into the condenser i, 
where it is converted into water by means of a jet playing in the 
inside of it. The water thus collected in the condenser is car- 
ried off, along with the air which it contains, into the hot well 7^, 
by the air-pump which is wrought by the piston rod tm, at- 
tached to the great beam ab. From the hot well h this water 
is conveyed by the pump z and the pipe/ into the cistern for 
the purpose of supplying the boiler. The water w which ren- 
ders air-tight the pump and supplies* the jet of water in the 
condenser, is famished by the pump which is worked by the 
^eat beam. The steam and eduction valves c, d, are 
opened and shut by the spanners gm, dM, <7^, 5 n, whose handles 
k and are moved by the plu^ 1, 2, fixed to tn the piston rod 
of the air-pump. This part m the machinery has been called 
the working gear; and is so constructed that the steam and 
eduction vmves can be worked, either by the hand or by the 
piston of the air-pump. The piston rod e, which moves the 
piston 5, passes through a box or collar of leathers fixed in a 
strong metallic plate on the top of the cylinder. The rod is 
turned perfectly cylindrical, and is finely polished in order to 
prevent any air from passing by its sides. The top v of the 
piston rod e is fixed to the machinery xv, which is called the 
parallel joint, and is so contrived as to make the rod ve ascend 
and descend in a vertical or perpendicular direction. When the 
lever or beam rises into its present position from a horizontal 
one, the piston rod ve has a tendency to move towards p, and 
would move towards it were the bar fixed in its present po- 

&on; for while the point v rises, the bar also ri^s, at the 
same time the angle v/^)' increases, and likewise the angle AVf^, 
so that the vertex y ofjtiie an^le AVf/. w ould move towards x. 
The bar hov^ever,is not at rest, but moves round the fixed 
^int y, and rises alon^ with the pomt v ; while /xy, therefore, 


f 
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rises upon y as a caitre, the adjoining ittofes round the 

point T towards the angle rfiv increases, and the point ap- 
proaches to V, and keeps A' r in a perpendicular position, so that 
whateA'er tendency the point v has towards x by the increase of 
the angle has an equal tendency in the contrary dii*ection, 
by the increase of the angle : but as the beam ab falls into 
a horizontal position, all tl}ese motions are reversed. When 
the piston rod vr mbs most upon the side of the collar of lea* 
thers nearest to a, the fixed point y :imust be shifted a little in 
the contrary direction, mz. to the right hand of k. That the 
nature of this parallel joint may be better understood, it may be 
proper to observe, that all the bars which have been mentioned 
are double, as may be seen in the figure ; that they move round 
points at x, t, v, and v; and that the two bars between ju,and 
V move between the bars at py. 

In the steam engines of Newcomen and Beighton, where the 
piston was raised merely by a counterweight at the extremity a 
of the great beam, the piston rod was connected with its other 
extremity by means of a chain bending round the arch of a 
circle fixed at b ; but in Mr. Watfs improved engines with a 
double stroke, in which the piston receives a strong impulse 
upwards as well as downwards, the chain would slacken, and 
could not communicate motion to the beam. An inflexible 
rod, therefore, must be employed for connecting the piston with 
the beam, or the piston must be suspended by double chains 
like those of engines for extinguishing fire. In some of Mr, 
Watt’s engines the latter of these methods was adopted : he 
then employed a toothed rack working in a toothed sector fixed 
at B, and afterwards fell upon the veiy superior method which 
we have now been describing. 

All the engines which were constructed before the time of 
Mr. Watt were employed merely for I'aising water, and were , 
never used as the first movers of machinery ; except indeed that 
Mr. R. Fitzgerald published, in the Transactions of the Royal 
Society, a method of converting the irregular motion of the 
beam into a continued rotatory motion, by means of a crank 
and a train of wheehwork connected with a large and massy fly, 
which, by accumulating the pressure of the machine during the 
working stroke, urged round the machinery during the returning 
stroke, when there is no force pressing it forward. For this 
new and ingenious contrivance Mr, Fitzgerald received a 
patent, and proposed to apply the steam-engine as the moving 
power of every kind of machinery, but it does not appear that 
any mills were erected under this patent. In order to convert 
the reciprocating motion of the beam into a circular motion, 
Mr, Watt fixed a strong and inflexible rod au to the extre- 
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mity of the great beam. To the lower end of this rod a toothed 
wheel u is fastened by bolts and straps, so that it cannot move 
round its axis. This wheel is connected with another toothed 
wheel s of the same size, by means of iron bars, which permit 
the former to revolve round the latter, but prevent them from 
quitting each other. This apparatus is called the sun and 
planet wheels, from the similarity of their motion to that of the 
two luminaries. On the axis of the wheel s is placed the 
large and heavy fly-wh^ F, which regulates the desultory 
motion of the beam. When lie extremity a of the great beam 
rises from its lowest position, it will bring along with it the 
wheel and cause it to revolve upon the circumference of the 
wheel s, so that the interior part of the former, or the part 
next the cylinder, will act upon the exterior part of the latter, 
or the part farthest from the cylinder, and put it in motion along 
with the fly F. After the wheel u has got to the top of the 
wheel s, the end a of the beam will have reached its highest 
position, and the wheel s, along with the fly, will have per- 
formed one complete revolution. When the wheel u passes 
from the top of s into its former position below it, the extre» 
mity A of the beam will also descend from its highest to its 
lowest position, so that for every ascent or descent of the pis- 
ton or the great beam, the planet-wheel u will make one 
turn, while the sun-wheel and fly will perform two complete 
revolutions. 

When the steam-engine is employed to drive machinery in 
which the resistance is very variable, and where a determinate 
velocity cannot properly be dispensed with, Mr. Watt has 
applied a conical pendulum, which is represented at mn^ for 
procuring a uniform velocity. This regulator consists of 
two heavy balls mn^ suspended by iron rods which move in 
joints at the top of the vertical axis op^ and is put in mo- 
tion by the rope oo which passes over the pulleys o, o, and 
round the axis o of the fly. Since the velocity of the fly and 
sun-wheel increases and diminishes with the quantity of steam 
that is admitted into the cylinder, let us suppose that too much 
is admitted, — then the velocity of the fly will increase, but the 
velocity of the vertical axis op will also increase, and the balls 
mn win recede from the axis by the augmentation of their cen- 
trifogal force. By this recess of the balls, the extremity p of 
the lever moving upon?/ as a centre, is depressed, its other 
extremity s rises, and by forcing the cock at a to close a little, 
diminish^ the supply of steam. The impelling power being 
thus diminished, the velocity of the fly and the axis op de- 
creases in proportion, and the balls w, resume their former 
position • 
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In Mr. Watt's improYed engine, the steam and eduction* 
valves are all puppet clacks. One of these valves, and the 
method of opening and shutting it, is represented in fig. 8 of 
Plate XXX. Let it be one of the eduction-valves, and let a a 
be part of the pipe which conducts the steam into the cylinder, 
and MM the superior part of the pipe which leads to the con- 
denser, At oo, the seat of the valve, a metallic ring, of which 
nn is a section, is fitted accurately into the top of the pipe mm, 
and is conical on the outer edge, so is to suit the conical part 
of the pipe. These two pieces are ground together with emery, 
and adhere very firmly when the contiguous surfaces are 
oxydated or rusted. The clack is a circular brass plate 772, 
with a conical edge ground into the inner edge of the ring ? 2 ? 2 , 
so as to be air-tight, and is furnished with a cylindrical tail 
which can rise or fall in the cavity of the cross bar nn. To 
the top of the valve m a small metallic rack is firmly fasten- 
ed, which can be raised or depressed by the portion e of a 
toothed wheel, moveable upon the centre n. The small circle 
D represents a section of an iron cylindrical axis, whose pivots 
move in holes in the opposite sides of the pipe aa. Its pivots 
are fitted into their sockets, so as to be air-tight; and the ad- 
mission of air is farther prevented by screwing on the outside 
of the holes necks of leather soaked in rosin or melted tallow. 
One end of this axis reaches a good way without the pipe aa, 
and carriesa handle or spanner Jn, which may be seen in fig. 1. 
Plate XXX. and which is actuated by the plugs 1, £,of the 
rod TN. When the plug therefore, elevates the extremity of 
the spanner n 5, during the ascent of the piston-rod tn, the axle 
B, Plate XXX. fig. 8, is put in motion, the valve m is raised 
by means of the toothed racks e and f, and the steam rushes 
through the cavity of the circular ring nn, by the sides of the 
cross piece of metal oo, nn. When the valve needs repair, the 
cover B, which is fastened to the top of the valve box by means 
of screws, can easily be removed. 

Having thus described the different parts of the most im- 
proved steam-engine, it will be proper to attend to the mode of 
its operation. Let us suppose that the piston is at the top of 
the cylinder, as is represented in the figure, and that the upper 
steam valve a, and the lower eduction or condensing valve c?, 
are opened by means of the spanner m, while the lower steam 
valve c, and the upper eduction valve $5 are shut; then the 
steam in the boiler will issue through the steam pipe ce, and 
the valve into the top of the cylinder, depress the piston, 
by its elasticity, to the very bottom. But when the piston qh 
brought to the bottom of the cylinder, and the extremity b of 
the great beam is dragged down by the parallel joint tv, its 
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other extremity a rises, and the wheel u having passed over half 
of the circumference of s, will have urged forward the fly- 
wheel F, and consequently, the machinery attached to it, one 
complete revolution. When the piston q has reached the bot- 
tom of the cylinder, the piston-rod .xn of the air-pump, by the 
pressure of the plug x upon the spanner m, has shut the steam 
valve a and the eduction valve d, while the plug 2 has, by 
means of the spanner, opened the eduction valve S, and the 
steam- valve c. The Aerefore,^ which is above the pis- 
ton, rushes through the Suction valve h into the condenser e, 
where it is converted intp water by the jet in the middle of it, 
and by the coldness arising from the surrounding fluid while, 
at the saxne time, a new quantity of steam from the boiler 
issu^ through the open steam- valve c, into the cylinder, forces 
up the piston, and, by raising one end of the working beam, and 
depressing the other, makes the wheel u describe the other semi- 
circuraference of s, and causes the fly and the machinery on its 
axis to perform another complete revolution. As the plugs 1, 
% ascend with the piston g, they open or shut the steam and 
eduction valves, and the operation of the engine may be tlius 
continued for any length of time. 

From this brief description of the steam-engine, the reader 
will be enabled to perceive the nature and appreciate the value 
of Mr. Watt’s improvements. It had hitherto been the prac- 
tice to condense the steam in the cylinder itself, by the injec- 
tion of cold water : but the water which is injected acquires a 
considerable degree of heat from the cylinder, and being placed 
in air highly rarefied, part of it is converted into steam, which 
resists the piston, and diminishes the power of the engine. 
When the steam is next admitted, part of it is converted into 
water by coming in contact with the cylinder, which is of a 
Ipwer temperature than the steam, in consequence of the de- 
struction of its heat hy the injection water. By condensing 
the steam, therefore, in the cylinder itself, the resistance to the 
piston is increased by a partial reproduction of this elastic va- 
pour, and the impelling power is diminished by a partial de- 
struction of the steam which is next admitted. Both these in- 
conveniences Mr. Watt has in agreat measure avoided, by using 
a condenser separate from the cylinder, and encircled with cold 
vitater^; and by surrounding the cylinder with a wooden case, 
mi interposing light wood ashes, in order to prevent its heat 
from being abstracted by tjxe ambient air. 

* Evea m Mr. best engines, a very small quantity of steam remains in the 

cylinder, having the tenjperature <>f 4|i^ hot-well or of the water, into which the 
ejected steam is converted. Its pressure is indicated by a barometer, which Mr, Watt 
has’ir^eniously applied to Ms engines fer ^3>iting the state of the vacuum. 
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' ’ The greatest of Mr. Watf«' iiiipi^veitient# coBmltv in his 

employing the steam both to elevate and depress the piston. 
In the engines of Newcomen and Beighton, the steam was not 
the impelling power ; it was used merely for producing a vacunm 
r below the piston, which was forced down by the pressure of 

the atmosphere, and elevated by the counter-weight at the far- 
ther extremity of the great beam. The cylinder, therefore, was 
exposed to the external air at every descent of the pi§ton ; and 
a considerable portion of its heat beiiig thus abstracted, a cor- 
responding quantity of steam was of consequence destroyed. 
In Mr. Watfs engines, however, the external air is excluded 
i by a metal plate at the top of the cylinder, which has a hole in 

it for admitting the piston-rod ; and the piston itself is raised 
I and depressed merely by the force of steam. 

When these improvements are adopted, and tlse engine con- 
structed in the most perfect manner, there is not above ^ part of 
^ the steam consumed in heating the apparatus ; and, therefore, 

I it is impossible that the engine can be rendered ^ more power- 

ful than it is at present. It would be very desirable, however, 
that the force of the piston could be properly communicated 
to the machinery without the intervention of the great beanii 
This, indeed, has been attempted by Mr. Watt, who has em- 
ployed the piston-rod itself to drive the machinery ; and Mr. 
Cartwright has, in bis engine, converted the perpendicular mo- 
tion of me piston into a rotatory motion, by means of two 
cranks fixed to the axis of two equal wheels which work in 
each other. Notwithstanding the simplicity of these methods, 

* none of them have come into general use, and Mr. Watt still 

prefers the intervention of the great beam, which is generally 
j made of hard oak, with its heart taken out, in order to prevent 

it from warping. A considerable quantity of power, however, 
is wasted by dragging, at every stroke of the piston, such a 
^ mass of matter from a state of rest to a state of motion, and 

then from a state of motion to a state of rest. To prevent this 
Joss of power, a light frame of carpentry has been employed 
by several engineers instead of the solid beam. Cast iron 
beams have been adopted with great success* (Brewster's 
Fe?'gusofi,) 

; 7. PI. XX XL fig. 1, represents a Stkam-eis’gine, erected 

I in 180S, by Messrs. Murray and Wood of Leeds, for Mr. 

I Francis Brewing at his tan-yard in Willow Walk, Bermondsey ; 

■ and fig. 2. represents some parts on a larger scale : aa is the 

shaft for conveying the power of the engine to work a bark- 
‘ mill and several pumps. The steam from the boiler enters 

i through the pipe b into the assemblage of pipes, technically 

[ termed nossels or xalve-ho^ves^ represented separately in fig. 2, 

I, 
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which contain the valves for distributing the steam at proper in- 
tervals into the cylinder cc> and letting the same off again 
to the condenser m. The cylinder cc, which is cased with 
wood to k eep in the heat, has a solid piston moving in it, 
wh ose polished piston-rod d passes through a stuffing-box ; the 
uprigh t motion of this rod is converted into a rotatory one by the 
following contrivance : the circular rim e, three feet diameter, 
with seventy-two teeth on the inside, is firmly fixed and sus- 
pended from the floor,^ two cast-iron pillars ff and braces 
LL ; the small wheel g, of eighteen inches diameter and thirty^ 
six teeth, is made to revolve within-side of the rim, so as always 
to touch the teeth by a pin (the end of which is represented 
in the centre of the wheel g), firmly fixed on the wheel h, 
parallel to its axis a a, with which it always moves ; and nine 
inches from its centre, on the circumference of the wheel g, is a 
bolt I, screwed on perpendicular to its plane, in such a place, 
that when the wheel g is at the bottom of the rim e, the bolt is 
on the lovvest tooth ; and when the small wheel is at the top of 
the rim, it is on the highest: to this bolt the piston-rod n and 
the air-pump-rod k are attached, and the tops of these rods, by 
moving up and. down in right lines, passing through the axis 
of the wheel h, will communicate a rotatory motion to that 
wheel, and all on the same shaft See the article Parallel 
Motion. 

The wheel on the axis a a of the fly-wheel nn, communi- 
cates its motion by the wheels shown in fig. 2, to the wheel b ; 
which wheels are so contrived, that one revolution of the fly 
will produce one of the wheel on whose axis are two eccen- 
tric wheels c and d, which alternately raise the rods e andj^ for 
opening the valves contained in the short cylinders or valve- 
TOXes g’g’ and Jih : each of these boxes has three divisions ; the 
upper division of the upper box contains a valve 1, called the 
up^er Memrwoalm ; its use is to admit steam from the boiler 
through the pipe b, into the middle division which communi- 
cates with the cylinder ; in this box is a valve 2 (which is moved 
by a rod passing through the rod of the other valve 1), called the 
upper condensing-valve (or e^kausting^vahe ) ; it is for opening 
a passage from the top of the cylinder to the condenser by the 
pipe q. In the same manner, the upper valve S of the lower 
box is called the lower steam-vahe^ and is for admitting steam 
in the lower part of the cylinder by means of the pipe r ; the 
valve 4^ is for connecting the bottom of the cylinder with the 
condenser, and is therefore called the lower condensing-valve. 
-The xcAf connects at its top with the upper eondensing-^valve 
(2), and xhQ lower skcm^tc^e (3) at its bottom ; it will, there- 
fore, when It is lifted up by the eccentric wheel d, open those 
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valves, and by causing a vacuum above, and a pressure of steam 
beneath, the piston, force it upwards and move the machinery : 
also the rod e, connecting with tlie z/ffper steam valve i at its 
top, and the lower condensing-valve 4 at its bottom, being lifted 
up by the eccentric wheel c, will cause the piston to descend; 
but this will not be the case, unless one rod is permitted to 
descend by its own weight, as the other is lifted; otherwise the 
steim will leave free passage from the boiler to the condenser, 
which operation is called blotdng thrmjgh* 

The condenser u is a cylindric vessel, into which is admitted 
a small jet of cold water, by the cock /, called the injection- 
cock : tlie bottom of the condenser communicates by a sliort 
pipe o (which pipe contains a valve shutting towards the con- 
denser), with the aiT'-pump p, four inches diameter and three 
feet stroke ; the piston of the air-pump has a valve in it, and is 
moved by the rod k, as before described ; the air-pump'^s office 
is to extract the water of the condensed steam, injection, &c. 
from the condenser, and keep the vacuum perfect. The air 
pump and condenser must be in a well or cistern of cold 
water. 

To work this engine, the steam must be made of sufficient 
elasticity to rush forcibly out of the boiler when permitted ; 
draw the handles n and o apart from each other, which acting 
as levers against the stubs on the rods e and will raise them 
up in a small degree, and open all the valves at once; and the 
steam, by blowing through^ expel the water, air, &c. which 
may have filled the cylinder and condenser, at a valve shutting 
outwards in the condenser for that purpose. When it is thought 
that the air. Sec. is all driven out, one or other of the handles 
must be dropped (according to the position of the wheel g) ; 
the injection cock I is then opened by its handle jp, which sud- 
denly cooling the steam, reduces it to the bulk it formerly pos- 
sessed in the boiler, and forms a vacuum in the condenser; the 
steam from the cylinder which rushes in’ to restore the equili- 
brium is condensed as it goes, and almost instantaneously a 
nearly perfect vacuum is formed on one side of the piston ; and 
the steam from the boiler pressing on the other, destroys the 
equilibrium on it, and puts the engine in motion. When the 
piston is at the top of its stroke by the arrangement of the 
wheels in fig. 2, the eccentric wheel c will lift the rod e (at the 
time the rody*is permitted to descend by its weight), and cause 
the piston to descend ; and when at the bottom of the rod will 
be lifted, and e will fall, which forces it upwards again. 

To stop the engine, nothing is necessary but to lift up both 
the handles and shut the injection-cock (which should always 
be shut when the engine is not at work), to prevent the con- 
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denser from filling with ^ater ; and as soon as the momentum 
of the wheel is spent, the motion of the engine will cease ; 
It might also be stopped by only cutting off the injection, which 
would, after a considerable number of strokes, render the 
vacuum so imperfect as to destroy its power. 

The cylinder of this engine is twelve inches diameter, and 
has a three-feet stroke ; its power is computed at four horses, 
it makes about fifteen strokes per minute, and burns about nine 
bushels of coals in foutte^n hours, being the usual period of 
working. 


8. M. Bettancourt, whose curious and valuable experi- 
ments on the expansive force of steam arc duly appreciated 
by philosophers, has contrived some steam-engines of double 
ettect; one of which being very simple and ingenious, may 
here be described, at least all which is peculiar to it. See 
fig. 8. pL XXXI. The steam coming in the ordinary way from 
the boiler, which is omitted to render the design more simple, 
passes through the tube &, and introduces itself by the aperture 
V into the space of which the circle ee^ represents the profile or 
vertical section. This chamber e d has, besides the orifice r, 
two others, the one placed by the side of the canal c/, to com- 
municate by means of that canal with the superior part b of the 
cylinder bb ; the other placed below at and communicates 
by means of the tube or canal d, with the inferior part of 
the cylinder, of which the piston is represented in x. The 
space, or circular chamber ? communicates in a similar 
manner with the upper and lower parts of the cylinder, by 
means of the tube d, and the canal dL Moreover, this 
chamber communicates by means of the orifice with 
the chamber where the valve y is found adapted to the 
aperture through which issues the water of injection destined 
to condense the vapour : this valve is always open, except when 
we would stop the machine ; but it may approach the orifice 
more or less, according to the velocity which we would give to 
the piston. The outlets v and are, in like manner, always open. 

The orifices d, and those which establish the communi- 
cation with the cylinder by means of tlie canals d and d\ are 
closed alternately by the valves gkj or g7t^ of a particular kind. 
Fig. 3* no. % represents the profile of either of these valves. 
The part gA curved into the arc of a circle of the same radius 
as that of the vertical sections ee\ d and turning upon an 
axis placed at the centre o, may in its revolution close any 
aperture whatever^ placed upon the circumference of those 
sections. . \ 
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; This being understood, suppose things- in the'-stote reprc-» 

sented in iig, 3. no. L and the vacuum established in tlie pait 
. of the cylinder above the piston. The steam entering by the 

: orifice finds the canal d closed ^ passes through the tube 

d', but cannot introduce itself into the chamber be- 

cause of the valve g W ,* it therefore enters wholly into the 
lower part of the cylinder. Hence it acts upon the piston x 
with all the energy of which it is capable : the piston pushes 
the great beam by means of the piston-rod xx, and the oppo- 
site part of that beam acts with a like effort upon the rod or 
bar destined to give the rotatory motion to the fly . The piston 
X having thus arrived at the highest point of its course, the 
valve N makes a part of a rotation, so as to close the orifice 
i and open the canal in the same time the valve gA makes 

part of a revolution likewise, to close the aperture p' and open 
the canal d. The aqueous gas continuing to enter at v, which 
is constantly open, finds the orifice 'd closed, penetrates into the 
canal d, and not having any passage through the orifice goes 
I entirely into the upper part of the cylinder : during this time, 

the steam which was in B^is expelled through d^, penetrates into 
which is always open, and becomes condensed about the 
valve J. By these means the steam which enters b, acting witli 
all its energy upon the piston x, makes it descend, and pro- 
i duces, by descending, equal effects to those it caused when 

ascending. The piston, then, having arrived at the lowest point 
of its course, the valve gh which clewed the orifice d, and the 
valve h\ which closed the orifice return both to their 
primitive situation; and so on throughout 

The extentofthe stroke of the piston must manifestly be sucl^ 
that the apertures of the canals at d, and d^ placed in the side 
of the cylinder, are never stopped by the piston. 

It is almost needless to say, that the interior mechanism 
i relative to the valves g/i, may be moved by various contri- 

] vances, each depending upon the alternating motion of the 

f piston : so that no other agent will be required distinct from 

the machinery, than what are wanted for keeping up the fire. 


9. In the course of the last 20 years, there has scarcely been 
a month in which some new modification of the steam-engine 
has not been proposed. To detail all these is impossible. We 
shall simply specify, in addition to what has already been pre- 
sented, some of the recent inventions of Mr. R. With/, of 
Hull 

In February 1810, this mechanist took out a patent fur rota^ 
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twe steam-engines, the revolving motion of which was effected 
by weights alternately drawn to and driven from a centre, round 
which a working cylinder or cylinders revolved ; and to the 
opposite ends of the piston rod or rods, that passed through the 
said cylinder or cylinders, the weights were attached. Improve- 
ments on these engines, for which a patent was taken in Oc- 
tober, 1811, Mr. Witty states to consist in making the piston 
draw or force round the machinery to be worked by it, whilst 
itself moves both in a rectilinear and rotatory direction in a 
cylinder or steam vessel; which also t'evolves ‘upon an axis^ 
placed either in a horizontal, vertical, or oblique position. The 
mechanical contrivances by which this is effected are of various 
kinds, which cause the power of the piston to draw or force the 
cylinder round ; and move the mill-work, or machinery, which 
is attached to the engine, by the revolution of the axis or shaft 
of the revolving cylinder, or by the piston-rod being made to 
act upon a wheel, or other contrivance, upon a separate axis or 
shaft, fixed or otherwise as ocasion may require. 

To admit the action of the steam, and of the condenser, in 
the revolving cylinder, its axis is bored lengthwise in two places 
so as to form two passages, each of which communicates by 
lateral pipes with the end of the cylinder opposite to the side of 
the axis in which it lies ; the extremity of this perforated axis is 
formed of a conical shape, and turns in a box made to fit it, in 
the same manner that the revolving part of a common cock 
turns in its barrels ; from the upper part of this box a pipe 
passes to the steam boiler, and from the lower part another 
pipe proceeds to the condenser, and lateral apertures are made 
through the sides of the axle to the two passages within it 
before-mentioned, which, as the axle turns, alternately commu- 
nicate with the steam pipe, and the pipe of the condenser in the 
box, in the same way as a cock with two ways acts ; with which 
cock this part of the engine is on the same principle. The axle 
projects through the box, and has a crank at its end, by which 
It works the air-pump of the condenser. 

Several principles are mentioned by the patentee, on which 
the cylinder, prepared as described, can force itself round; 
which are all of the nature of crank or cardioid motions : both 
of which, however, may be referred to one source, as they are 
caused by an apparatus made to protrude and retract alter- 
nately between two centres, one of which revolves, and the other 
is fixed. 

The first of these principles stated by the patentee, (which he 
calls a cardioid motion, though it is more properly a crank mo- 
tion,) effects the rotatory movement by the action of a moving 
groove on a fixed centre ; which groove is placed at I'ight angles 
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to the cylinder, in a frame that is connected with piston-rods | 

proceeding from the opposite ends of the cylinder, and of course | 

partakes of their alternating motion. f 

The second principle consists of the operation of the ends of I 

piston-rods, proceeding from the opposite extremities of the !; 

cylinder, on the outside of the rim of a large wheel, wljose 
centre is placed at the distance of about half the stroke of the r 

piston from the axis of the cylinder. The rim of the wheel 
projects so as to extend to the line of the piston-nxis, which are 
bent round to support frictioivwheels outside it, that alternately 
<‘,ome in contact with steps on the rim, and by them force round 
the wheel, by a cardioid motion ; or, in other words, by a motion I 

slmiUir to that which levers would cause, when made to press ^ 

I alternately on the outside of a heart-wheel. \ 

The tiiird principle is a variety of the second, and consists 
in making the large wheel before-mentioned revolve on a ring, 
supported by friction-w heels, which includes w’ithln its eirciun- [ 

ference the axle of the revolving cylinder, A species of this I 

last mode is mentioned by the patentee, that deserves jjarticular : 

notice, in which the ring is large enough to include within it the 
cylinder and protruded piston-rods, and is to be placed in the 
plane of the piston-rods, and at right angles to the axis of the \ 

cylinder. | 

i The fourth principle consists in the action of the piston rods, \ 

arranged, as first mentioned, against the inside of a heart- shaped : 

ring, placed vertically with its apex downwards, one half of j 

which ring is moveable outwards by lieing suspended from a ^ 

hinge at its upper end. The axis of the revolving cylinder is j 

> placed in one of the centres of this cardioid-ring ; and the ends | 

{ of the piston-rods, furnished with friction-wheels, press alter- 

nately on the fixed and on the moveable sides of the ring, and 
thus produce the rotative motion. 

I A fifth mode, mentioned by the patentee as a variety of the 

I first, deserves to be noticed by itself for its greater simplicity ; 

it consists of a crank a quarter the length of the stroke, or a 
fixed centre placed at that distance from the axis of the cylinder, 

^ from which a rod passes to the top of the piston-i*od. In this I 

method, and also in the first, a strong iron knee proceeds from ; 

the fixed centre to support the gudgeon-end of the axis of the 
revolving cylinder, or that end w»hich is opposite to its per- | 

I forated extremity. The end of this knee next the fixed centre | 

is driven tight into a piece of cast-iron and keyed fiist, which 5 

piece is bolted down to a beam of wood that supports it. The j 

fixed centre lies between the angle of this knee and its support. 

; The advantages of steam-engines, constructed on these prin- 

j ciples, over common engines, the patentee mentions to consist j 
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in saving the power lost in the motion of heavy engine-beams, 
parallel apparatus, valves, hand-gear for moving valves, and 
pliig.frames, none of which are used in his engines; and in the 
great simplification of machinery, which arises from their re- 
moval. The patentee also states, that the ponderous fly-wheel, 
used to regulate the motion in other engines, may in his be in 
a great nteasure dispensed with. 

The editor of the « Retrospect,'” from the thirty-second num- 
ber of which the preceding account of Mr. Witty's contrivances 
is taken, adds, 

«« When any good method is adopted for preventing the tend- 
ency to bend the piston, which an arm at right angles used to 
force round the engine would occasion, in the manner before 
explained, then the fifth or last method described would seem to 
be preferable to most of the others, on account of its greater 
simplicity, and its having less friction than them. 

“ On the contrary, the method in which the grooved frame 
is used seems the worst, on account of the binding, or increased 
friction, which grooves acted on by oblique impulses always 
undergo, especially when the degree of the obliquity jipproaches 
so very near a direction perpendicular to the groove, as it does 
on this occasion ; which, added to the defect before stated, 
would occasion a very great waste of the force of the engine. 

^‘Of all the methods, however, in the state in which they are 
described by the patentee, those two, in each of which the 
cylinder revolves within a ring that surrounds it in the plane 
of the piston-rod, at right angles to the axis of the revolving 
cylinder, appear the most advantageous ; because in them less 
of the force is lost in oblique movements, and the piston-rods 
suffer no injury from any part of the machinery tending to 
produce lateral impulses. 

Of these two methods, that with the revolving ring appears 
to be preferable, from its causing less friction, and producing 
a more free motion; and as the revolving ring might be likewise 
made to perform the office of a fly-wheel, it would also be 
simpler. A mode (not mentioned by the patentee) of applying 
the smaller ring, that extends only far enough to include the 
axis of the cylinder, and is described first in the account of the 
third principle of the patent, seems also preferable to the fixed 
ring, and nearly if not fully equal to the revolving ring, from 
the simplicity of construction of which it renders the engine 
capable. 

The advantages stated by the patentee, that engines on 
these principles possess in comparison with others, seem in 
most respects justly represented : but, on the other hand, it 
must be observed that there is much more force lost, in even 
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the best of the methods proposed, from the obliquity of the im- 
pulse of the moving power to the motiou produced, thaa in the 
beam engine and crank ; as the latter acts in two points of the 
revolution at right angles to the crank, or in the direction of the 
motion produced, which is the most advantageous direction ; 
while in none of the plans proposed by the patentee does the 
impulse come much nearer the direction of the produced motion, 
than wfmt would form with it an angle of forty-five degrees. 

We must differ from the patentee also, as to the capability 
which he supposes his engines afford of dispensing with fly- 
wheels ; thinking, on the c.mtrary, that from the great variation 
of the force producing the rotary motion, in various parts of 
the revolution (on account of the great difference in the obli- 
quity of its direction) the fly-wheel would be absolutely neces- 
sary to produce equable rotative motion in them. 

** But notwithstanding that some loss offeree would be caused 
by the obliquity of the impulse to the direction of the motion 
(as before mentioned), we think that very useful and powerful 
engines may be formed on the principles invented by the 
patentee, when they obtained those modifications, which prac- 
tice and experience in constructing them will point out; and 
that next to Mr. Mead’s plan for a rotative steam engine, these 
of the patentee are by far the most ingenious yet laid before 
the public. We also think, that in point of sixnplicity, and in 
the facility of their being kept in order, and having the stuffing 
kept tight, and renewetl when wanted, they are superior to Mr. 
Meads engine: and that the species of them which revolves 
with a simple crank motion, and that with the larger outside 
revolving ring, if not some of the other kinds, may be afforded 
at a considerably lower price than Mr. Mead’s, or, when the 
mode of making them is brought to perfection, than most other 
steam-engines, on account of the number of parts and the 
quantity of framing used in other engines, that may be omitted 
in their construction.” 

10. The theory of steam-power in reference to the mechanical 
energy of engines is as yet in a very imperfect state. The 
best ibniiulse which we have hitherto seen are exhibited by 
Mr. Tredgolf in his judicious and valuable work on liail- 
roads. As they are found to furnish results which agree very 
nearly with those of experiment, we shall insert them here. 

If be the measure of the force of steam in inches of the 
mercurial column, and t the corresponding temperature mea- 
sured on Fahrenheifs thermometer ; y’ the resistance from the 
friction of the steam piston, and the oncondeiised vapour in 
the cylinder, or the atmospheric pressure in high-pressure en- 
gines, and n the bulk or capacity of the steam cylinder, when 
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the bulk of the steam admitted at the pressure /is unity. Then 
the power of the steam generated from a cubic foot of water is 

4873 (459 + t) x (1 - -^) + hyp. log. n). 

When the steam does not act by expansion h = 1. 

When the expanding force of the steam is employed, the above 
equation has a maximum, which will obtain when hyp. log. n — 
is a minimum, which is evidently the case when n = 

In that case, inserting ■— for n, we have 


4873 (459 + 0 • (hjT- log- 
the maximum power of a cubic foot of water converted into 

/ ' 


r 


Of and the power is 


steam. 

When/n/', then hyp. log. 
nothing. 

And, when 1 — -£jr is greater than hyp. log. ^ it is disad- 
vantageous to work by expansion. 

11. To calculate the quantity of fuel, let c be the quantity 
which converts a cubic foot of w^ater into steam that will bear 
the preasure of the atmosphere ; let ^ be the specific heat of the 
steam, a the specific heat of the air and smoke which escape 
up the chimney, and •re? the weight of fiiel that will heat one 
cubic foot of water one degree : then 

^ X {a -f s) re?] =: 

the least quantity of fuel that will produce steam of the force f 
and temperature t 

Mr. Tredgoldf by assuming c = 8*4 lbs. of Newcastle coals, 
w zz *0075 lbs,, 5 = -SiT, and a = *755, reduces the pre- 
ceding to 8*4 + -OIS {t — 21S^) =: the lbs. of coal to produce 
steam of the temperature t. 

1^. For a high-pressure engine, taking SO inches for the 
measure of atmospheric pressure, of the pressure of the steam 
for the friction of the steam piston, and pres- 
sure in the boiler, the whole loss becomes But one side 

of the piston of a high-pressure engine is acted upon by the 
same pressure as that of the external atmosphere; hence n 
30 =: the resistance to the moving force 

Consequently, when a high-pressure engine is worked ex- 
pansively, we have 

4873 (459 + 0 x (hyp- log- 17'^) = 

the mechanical power of a cubic foot of water converted into 
steam. ■ . ■ ■ . . 

, Hence there is no advantage in making a bigh-rpressure 
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sleam-engine ’work expansively^, when the force of the steam is 
less than 60 inches of the mercurial column ; because the above 

hyp. log. is then less than' 1 

When an engine does not employ the expansive power of 
steam, we have 

4873 (459 + 0 x (1 - = 

the mechanical power of a cubic foot of water converted into 
steam, 

Mr, Tredgold illustrates these formulae by the following 
example : Let the force of the steam be ISO inches of mercury ; 
the corresponding temperature is Tiien 

4873 (459 + 292-8) x (1 - = 

1,830,000 lbs. raised one foot high. 

The quantity of coal is 8*4 + *01^ {29^*8 - Slg) = 
9-87 lbs. of coal, 

Now if the horse power be 16,000,000 lbs. raised one foot 
in a day of 8 hours, then 

1,830,000, : 9-37 lbs. :: 16,000,000 : 8g lbs. 
Therefore, working with steam of 444 lbs., on the square inch 
on the piston, above the pressure of the atmosphere, 82 lbs. of 
Newcastle coal ought to do the day^s work of a horse. 

But if the engine works expansively with the same force of 
steam, then 

4873 (459 + 292-8) X (hyp. log. 2) == 2,540, 
raised one foot high by 9*37 lbs. of coal; and consequently 
59 lbs. of coal ought to do the day's work of a horse. 

13. With regard to the maximum of useful eifeet in steam-- 
engines, it will be found, according to Mr. Tredgold^hj taking 
V = 120-v/Z, for the working velocity of an engine in feet per 
minute, I being the length of the stroke in feet. 

If an engine has a 2 feet stroke, then z? = 170 feet per 
minute, and the number of strokes per minute 42|. 

By increasing the stroke to 3*4 feet we get a velocity of 220 
feet per minute, with 32 strokes per minute. 

If any variation be made from the maximum power, the de- 
crease of effect is the same as in horse power ; but, as Mr. T. 
remarks, we have this advantage in an engine; it can be made 
for any velocity, by attending to the relative proportions of 
its parts ; those of a horse we cannot alter. 

14. A horse, when he treads a mill-path at the rate of 2|. 
miles an hour, will on an average raise about 150 lbs. by a cord 
hanging over a pulley ; which is equivalent to 33,000 lbs. one 
foot nigh in an hour. Boultofi and Watt estimate this at 32,000; 
Tredgoldy still lower, at 27,500. Taking the first measure, 
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bowev'er, as a basis of comparison ; putting d for the diameter 
of the piston in incheSj p for the pressure of the steam upon 
each square inch (diminished usually by about ~ for friction 
and inertia), I for the length of the stroke of the piston in feet, 

71 for the number of strokes in a minute : then, the power of 

the engine in horse-powers,’’’ (HP), is 

(HP) = *0000238 n pl^ if it be a single strokel • 

(PIP) :r -OOOO^jTO d ^ w p Z, if it be a double stroke/ » 

Ewainple . — Suppose d z: 20 inches, Z == 3 feet = 36, p 
iz 50, and the engine one of double stroke Then 
*0000476 X 20^ X 36 X 50 X 3 = 109*816, or nearly 103 
horse-powers, the measure of the energy of the engine. 

Mr. Boulton states that 1 bushel of Newcastle coals, contain- 
ing 84 pounds, will raise 30 million pounds 1 foot high ; that 
it will grind and dress i 1 bushels of wheat ; that it will slit and 
draw into nails 5 cwt. of iron; that it will drive 1000 cotton 
spindles, with all the preparation machinery, with the proper 
velocity ; and that these effects are equivalent to the work of 
10 horses. 

15. The rule usually given to adjust the weight of the 
wheel is this: Multiply the number of horse-powers in the 
machine by 2000 ; divide the product by the square of the 
velocity in feet, per second, of the fly’s circumference; the quo- 
tient will give its weight in hundredweights. 

Or, 2000 (HP) -r- (^') ® = weight of fly. 

Thus, suppose the fly-wheel of a 90 horse-power engine to 
be 1 8 feet diameter, and to revolve 99 times in a minute ; what 
should be its weight ? 

Here, = 20J. feet nearly, velocity of circum- 

ference per second. 

Whence 90*4 cwt. of the fly-wheel i*eqiiired. 

It is much to be regretted that In the country where all the great 
and essential improvements in steam engines have been made, 
and where so noble a species of mechanism was invented, there is 
no siifiiciently copious treatise on their construction and history. 
What is here given is a mere collection, correct, it is hoped, but 
very limited. They who wish to go farther into this interesting 
inquiry may turn to the article ^i:^Kbi-engine in the Encpclo- 
pwdm Bintannicay the Pa7itohgia^ and Brewster^s Fergiimi's 
Lectures; to the successive volumes of tlie Repertory'i^ Arts 
and Manufactures^ to the 5sJd volume of Prony, Architecture 
Hydrauliquey and to Hachette, Tralle des Machhies^ and the 
Histories of the Steam Engine by Partington and Stuart^ 
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both of which, consideriDg their limit% are instructive and in- 
teresting. 

Steam — One of the earliest projects, to apply the 
force of steam to the purpose of pro}^lling boats, was in 1736, 

I when a patent was taken out for a boat to be moved by steam. 

The next was that of Mr, Symington- In his boat, by placing 
the cylinder nearly in a horizontal position, the introduction of 
a beam is avoided. The piston is supported in its position by 
I friction-wheels, and communicates, by means of a joint, with a 

i crank, connected with a wheel, which gives the water-wheel, by 

means of its teeth, a motion somewhat slower than its own : the 
water-wheel serving also as a fly. This water-wheel is situated 
in a cavity near the stern, and in the middle of the breadth of 
the boat, so that it becomes necessary to have two rudders, one 
on each side, connected together by rods, which are moved by 

( a winch near the head of the bmt, so that the person who 
attends the engine may also steer. 

Mr. Symington has likewise placed an arrangement of 
stampers at the head of the boat, for the purpose of breaking 
the ice on canals, an operation often attended with great labour 
f and expense. These stampers are raised in succession by levers, 

the ends of which are depressed by the pins of wheels turned 
by an axis communicating with the water-wheel. A drawing 
of this steam-boat is given by Dr. Young in the 1st vol. of his 
j Natural Philosophy. 

Steam-boats are now very numerous on the British coasts 

I and principal rivers. The following account of the steam*-boats 

on the Clyde, by Mr. Robertson Buchanan, of Glasgow, was 
published in No. 20S. of Tilloch’s Philosophical Magazine. 

“ So early as the year 1801, a vessel propelled by steam was 
tried on the Forth and Clyde inland navigation, but^ was laid 
aside, among other reasons, on account of the injury it threat- 
i ened the banks of the canal by the agitation of the water : and 

I as far as I can learn, the same objection still subsists to the 

use of steam-boats on artificial canals so narrow as th^e usual 
in Great Britain. That objection, however, I should think, does 
not apply to some of those of Holland and other countries on 
the continent 

j The first attempt on any scale worthy of notice, to nayi- 

‘ gate by steam on the river Clyde, was in the year 1812^. A 

passage-boat of about 40 feet Keel and lOf feet beam, having a 
steam-engine of only three horses’ power, began to ply on the 

* The first steam-boat in America was launched at New York on the 3d of October 
! 1807, and began to ply on the river between that city and Albany, a distance of about 

: : i20 miles. 
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river. Since that period the number of boats iias gradually 
increased. 

Besides three vessels which have left the Clyde, there are 
six at ]>rGsent plying on the river, two of which carry goods as 
well as passengers. They have on the whole been gradually 
increased in tonnage as well as in the power of their engines ; 
and still larger boats and more powerful engines are now con- 
structing: among others one of about 100 feet keel and 17 feet 
beam with an engine of 24 horses’ power ; and one of equal 
burthen, having an engine of SO horses’ power. These boats 
are all neatly fitted up, and some of them even elegantly de- 
corated. 

On board all the passage steam-boats are newspapers, 
pamphlets, books, &c. for the amusement of the passengers, and 
such refreshments as are desirable on so short a voyage, a 
distance of about 26 miles by water, and 24 by land. 

The voyage betwixt Glasgow and Greenock, including 
stoppages at intermediate places, is commonly accomplished in 
from three to four hours, the vessels taking advantage of the tide 
as far as circumstances will permit : but as they start at different 
hours from the same place, they are sometimes obliged to go 
part or nearly the whole of their voyage against the tide. 

The voyage has been accomplished in 2|. hours ; the tide 
being favourable, but against a moderate breeze of contrary 
wind^. 

At first, owing to the novelty and apparent danger of the 
conveyance, the number of passengers was so very small that 
the only steam-boat then on the river could hardly clear her ex- 
penses : but the degree of success which attended that attempt 
soon commanded public confidence. The number of passen- 
gers which now go in those boats njay seem incredible to those 
who have not witnessed it. Travelling by land has not only 
been = nearly superseded, but the commimicatiou very greatly 
increased, owing to the cheapness and facility of the conveyance. 
Many days, in fine weather, from 500 to 600 have gone from 
Glasgow to Port-Glasgow and Greenock, and returned in the 
same day. One of the boats alone has been known to carry 247 
at one time. The increase of travelling in consequence of na- 
vigation by steam may be estimated by the number that went 
in the common passage-boats before the introduction of this 
agent: at that time, the highest estimate even for summer did 
not much exceed 50 up and 50 down, and those generally of 
the lower class of the people. The number that then went by 

* The time which was allowed to the mail-coach to go between those towns was 3.| 
hours, but owing to extraordinary exertion some of the coaches now run that distance 
in about 9 ^ hours. 
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coaches may be thus estimated: four coaches up and four down, 
wdiich might average six passengers each. 

In the summer, the pleasure of the voyage and the beauty 
of the scenery attract multitudes ; and the bathing-places be- 
low Greenock have, in consequence of the e^y passage, been 
crowded beyond former exam pie.’”' 

General Description. — A variety of modes of propelling 
steam-boats by the power of steam-engines have been projected, 
and many of them tried : but those on the Clyde have their 
machinery all constructed on one general plan ; namely , that of 
paddle-wheels similar to under-shot water-mill wheels on each 
side of the vessel, which are put in motion by the steam- 
engine. 

Plate XXX. fig. 4. An elevation : a side view showing one 
of the paddle wheels. 

Fig. 5. A plan, showing the extent of cabin floor. 

A, The fore or second cabin. 

BB. Space for the machmery. 

€. The iron chimney, serving also as a mast. 

n. The boiler. 

EE. The steam-engine. 

o. The crank. 

H. The fly-wheel. 

II. The paddle-wheels. 

K. Ladies^ cabin. 

L. Steward’s room. 

M. Principal cabin. 

KN. Stairs down to the cabins. 

oo. Water closet, 

FP &c. Gangway. 

2QQ. Seats at stern and on the deck. 

R. The rudder. 

s. Covering of paddle-wheels.’^ 

One of the most ingenious kinds of steam-boats, both in its 
own construction and in its machinery, is that which has been 
recently brought into use at the Ferry, between the 

counties of Fife and Forfar, in Scotland. A very interesting 
account of this ferry, and the boats employed, has been published 
m Jamieson^ s Edinburgh Journal^ by Captain Basil Flail ; from 
this w'e make the following extracts. 

It will give a good idea of the importance of this ferry, to 
state tile exact number of passengers, cattle, &c. which crossed 
in the year 18S4. 

Foot Passengers. [ Carriages. 1 Uigs. | Cattle. 1 Sheep. ] Horses. I Loaded Carts. 

100, .53j I ISO I 474 I G,627 j 15,449 [ 4,77? | 2,361 
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The distance from Dundee to Newport, in a straight line, 
is one statute mile and a little more than a half, or very nearly 
£,760 yards. At certain times of tide, the passage cannot be 
made directly across, owing to the mud-banks which lie nearly 
in the middle of the stream ; so that the average distance of 
the passage, allowance being made for the set of the tide, may 
be stated at about two miles and a third. This passage is made 
by the twin-boat in seventeen minutes, at an average, in neap 
tides; and in twenty-three at spring tides. In very blowing 
weather, it sometimes takes from thirty to fifty minutes, and 
once it took an hour. During 18£4, the passage was never in- 
terrupted for one whole day ; and it was only five times de- 
tained throughout the whole year, owing to hard westerly gales 
during the ebb tide. 

There are two steam-boats belonging to the ferry, one of 
which is employed at a time, except in harvest, when the reapers 
come down, or at the seasons when numerous droves of cattle 
come from the north. On these occasions, both are put in re- 
quisition, though not absolutely necessary, in order to avoid the 
possibility of delay. In order still farther to meet the public 
convenience, a pinnace, with four able seamen, is stationed at 
each side of the ferry, for the pur;pose of gffbrding a passage to 
travellers who are unwilling to wait for the periodical sailing of 
the steam-boat. These boats are also in attendance during the 
night, when the steam-boat has ceased to ply. 

“ As the twin-boat is very little known as yet in this country, 
an account of one may possibly prove interesting, if not useful 
to some readers. There are some material differences between 
the two boats at Dundee ; but that last built being the most per- 
fect of the two, a description of her will be the most satisactory. 

She is called the George the Fourth, is 90 feet long over 
all, and £9 broad ; she has 6 feet 8 inches depth of hold ; and 
draws, when light, 4^ feet of water,— and, when loaded, rarely 
more than 5 feet 4 inches. She is of the double kind of steam- 
boat, with a single paddle-wheel, working in the middle, be- 
tween two divisions, or separate smaller boats, placed parallel 
to one another, at the distance of 8 feet apart. Over these two 
divisions are placed horizontal beams, covered by a deck, the 
planks of which, instead of being placed fore and aft, in the 
usual way, cross the vessel from side to side, and thereby con- 
tribute greatly to the strength of the whole. To a person 
standing on the deck, she appears to be but one vessel. At 
each end, there is a space railed off for cattle, one S8 feet by 
£7i, the other £7-| by £ L From 80 to 90 head of cattle is her 
average load ; but, upon one occasion in fine weather, she ac- 
tually carried 103 cattle, and 3 horses. In the middle part of 


I ST£AM-B0A7S AT THE OTKDEE FEiiET- 4ST 

the deck, between the spaces alloiteci for cattle and carriages, 
tliere is ample space for imt passengers, for whom also, in rainy 
I weather, there are tw*") coran>odioos cabins. The machinery of 

th.e two steam-engines (each of 20 horse powder) is concealed 
^ below ; but the paddle-wheel, being 14 feet in diameter, neces- 

sarily rises considerably a!>ove the deck, where it is covered by 
a wooden case. This wheel is 1 feet wide, and is immersed 18 
inches in the water. It is a matter of perfect indifference 
which end of the boat goes foremost, both being alike in all 
respects. As the method of fmng the rudders, one of which 
is fixed at each end, is, of course, different from that of a ship, 
it may be useful to describe it particularly. The rodder is a 
plate of iron 4l- feet long, and 3 feet deep. It is fastened to a 
‘ vertical spindle, reaching from the middle of the stern to the 

water. In the first boat employed in the Tay, the rudder was 
attached by one end to the spindle, so that, when she was in 
motion, its whole length trailed behind. But this rudder being 
found difficult to move, a device was adopted which answers 
the purpose perfectly. The spindle, instead of joining the 
i rudder at the end, is fixed to it at one-third of the length ; so 

' that, when the vessel is in motion, two-tfairds are abaft, and 

one-third before the spindle^ resembling a large weather-cock, 
or vane inverted. A horizontal wheel is fixed to the upper 
u extremity of the spindle, and this is turned by a wheel and 

pinion by the steersman. Both the divisions composing each 
twin-boat are flat-bottomed, have perpendicular sides, and are 
sharp-bowed ; the angle at which the two bows meet at the ex- 
tremities being 60®, ample room is allowed for the escape of the 
back-water. The rudder is placed in the middle point between 
the two stems ; and, of course, lies directly in the centre of 
the current of back-water thrown out by the paddle-wheel. 
The steersman stands on a raised platform, above the taffrail, 

I from wiience he commands a clear view over the paddle-case. 

S There are no masts ; and the only resistance which is offered to 

the wind is from the chimneys of the engines. 

Though the manner in which the two engines of a steam- 
boat are made to act in concert be known to every person at 
all acquainted with the subject, it may perhaps interest some 
readers to describe, in a popular way, the beautiful device by 
which this object is accomplished. The paddle-wheel is moved 
by one continuous shaft, to which both engines give their im- 
pulse, by means of two cranks, or bends in it, formed so as to 
be at right angles to each other. Thus when one of the cranks 
. is either quite up, or quite down, and consequently the power 

f of the engine connected with it, for the moment, entirely gone, 

the other crank must be in a horizontal position, and the power 
, of its engine will be, for the same moment, at a maximum. 
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The result therefore is, that, precisely in proportion as one en.. 
gine loses power, the other gains it ; and, consequently, the 
united effect of the two, against the resistance, at every instant 
of their action, is virtually equal to the constant power of one 
of them at its greatest ; so that, whether the engine be moving 
fast or slow, or the resistance great or small, the same uniform 
force is exerted. 

At each of the landing places, there have been built low- 
water piers ; along the sides, or across the ends of which, the 
steam-boat can be placed at any time of the tide, and during all 
weathers ; so that passengers and cattle are embarked with as 
much ease as if they were going along a bridge ; while carriages 
and carts drive in on one side of the river and out again on the 
other, without removing the hoi'ses. The utmost attention is 
paid to the hours of departure. Three minutes before the 
town clock of Dundee strikes the hour, a bell is rung on board 
the boat ; and the instant the hour is told, the paddle-wdieel 
begins to move, and the vessel to glide from the pier. In like 
manner, when the half hour strikes at Newport, she quits the 
opposite pier ; and so on from sun-rise to sun-set ; her crossings 
and recrossings never being interrupted. To insure the con- 
stancy of this essential, but very difficult point, an able and ac- 
tive superintendent has been appointed, with a handsome salary, 
and a house on the spot : his exclusive business is to arrange 
the whole details of the passage, and to prevent all unnecessary 
delays. A collector also is appointed, a gentleman who, in like 
manner, resides constantly on the spot, and attends exclusively 
to the money department. In consequence of the vigilance of 
these two officers, acting under the judicious regulations which 
the trustees have from time to time established, it is most worthy 
of remark, that, however great the crowd of cattle, carriages, 
or passengei's may be, not the least delay or confusion ever 
arises, either at the embarkation or relanding. 

“ On board the boat the system is equally perfect : there is 
a coxswain, an engineer, five seamen, and a fireman. Long 
practice has given to those people so exact a knowledge of the 
power which is in their hands, that this huge and apparently 
unwieldy boat is moved about with a celerity and precision 
altogether astonishing. To a stranger, however much accus- 
tom^ he may have been to the wonders of machinery elsewhere, 
the effect is truly magical. The steam-boat, or, more properly, 
this great doable raft, is discovered advancing at the rate of 
seven or eight miles an hour, directly for the shore, threading 
her course Eke a little skiff amongst the vessels lying in her way. 
In a few seconds she arrives, still at full speed, close to the shore. 
In the next instant she is arrested, by a touch of the engineeris 
hand, as suddenly as if she had struck upon a rock ; and is 
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placed, by the sole instrumentality of her invisible machinery, 
close by the side of the pier, with as much accuracy as if she 
were in a dock, and as much gentleness as if, instead of being 
I made of stout oak and iron, she were formed of glass. In a 

J moment, two great folding gangways are lowered down, and her 

: side being thus thrown open, cattle, horses, passengers, all 

walk out, and find themselves on land, with scarcely any cir- 
cumstance having occurred to indicate they had been on the water. 

A very admirable contrivance, the invention of Messrs. J. 
and C. Carmichael of Dundee, has been affixed to the machinery 
of these twin-boats, by which all these movements are rendered 
extremely simple; and I am happy to have prevailed upon 
them to favour the world with a description of this apparatus.'' 

It is exhibited in figs. 6, 7, 8, pi XLIV. ; and the minutiai 
of the construction will be learnt from Messrs. CarmichaeFs ac- 
count below. 

The object of the contrivance we are about to describe is 
to regulate the motions of the steam-vessel in a more easy man- 
ner than heretofore. By the simple motion of a small handle, 
or index, placed on a table upon deck, in view and in hearing 
of the man at the helm, and of the master of the vessel, every 
movement which the engine is capable of giving to the paddle- 
wheel may be at once commanded. The vessel may be moved 
forwards or backwards,*— -or may be retarded, or entirely stopped, 
at any given moment, by merely turning the handle to the 
places denoted by the graduations of a dial-plate. No skill is 
required for this purpose, so that the master himself, or a sailor 
under his directions, can perform the office as well as the ablest 
engineer. Thus, the confusion which frequently arises at night 
in calling out to the engineer below is avoided, and any ambi- 
guity arising from the word of command being transmitted 
through several persons entirely prevented. In point of fact, it 
j places the engine as much under command as the rudder is, — 

an undoubted improvement upon the clumsy method of bawling 
out to the engineer below, who either may not hear, or may 
chance to be out of the way,— circumstances which may lead to 
the most serious accidents. 

; “ The different parts of the machinery are not exactly arranged 

in the sketch as they are executed in said boat, but we hope 
I that the principle will be better understood from having ar- 

ranged them so as they can be better seen in the sketch, Plate 
XLIV. ^ ^ , : ■ 

The cylinder and jacket are cast in one piece, connected at 
the bottom, but altogether disconnected at the top when cast, — 
the vacancy between the two is closed at the top by an iron ring, 
and hemp or rust packing in the joints. The steam from the 
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boiler enters between the cylinder and jacket, by the branch a, 
passes round the cylinder, and communicates with the side-pipe 
c of the valve-chests by the branch b, but cannot enter the cy- 
linder when the steam-valves BD are shut. The eduction-valves 
EE are situate below the steam-valves. 

The steam-valve rods work through a flax packing at ff, 
and are made hollow, to allow the eduction valve-rods to pass 
up the centre of them, — they are also made air-tight by a flax 
packing at gg. 

The valve-lifters hhhh are fast upon the lifter-rods 
only one of which can be properly seen ; the foot of the one 
farthest from the eye is seen at the rocking-shaft. One of these 
rods lifts the upper steam-valve and lower eduction-valve ; and 
the other the lower steam-valve and upper eduction-valve. The 
lower steam-valve and upper eduction-valve are represented as 
lifted in the sketch. 

The rocking-shaft k turns and returns upon its centre 
about 40% and having two spanners (or pallets) l, projecting 
from it upon opposite sides, cause the lifter- rods and the valves 
connected with them to rise alternately.— The lifter-rods fall 
by their own weight, and when the pallets are horizontal, all 
the valves are shut, and for an instant of time are at rest. ^ 

The rocking-shaft receives its motion from an eccentric- 
wheel M, fastened on the crank-shaft. The fixing of this wheel 
with relation to the crank and valves is a point of consideiv 
able nicety, as upon this depends the opening and shutting of 
the valves at the proper time. 

The eccenlric-rod n, is supported on the crank-shaft by a 
projecting part on each side of the eccentric- wheel, turned con- 
centric with the shaft by the brass pieces o. The four rods p, 
pass through these brass pieces, and slide freely in them. This 
part is shown in the section at Fig. with part of the crank 
(or paddle) shaft, and the crank on one end. The other end 
of the eccentric-rod is supported on the roller q; and as the 
crank-shaft turns round, the eccentric-rod travels backw^ards 
and forwards a distance equal to double the eccentricity of the 
eccentric wheel, and as the said rod is connected with the 
rocking-shaft by the double-ended spanner eb on one end of 
it, consequently the rocking-shaft will travel from one extre- 
mity of its arch of motion to the other, in the same time that 
the crank-shaft makes half a revolution, or in the same time that 
the steam-piston travels from the top to the bottom of the cy- 
linder, or from the bottom to the top. The steam-piston is 
represented in the middle of the cylinder, and as the lower 
steam-valve and upper eduction-valve are open, the piston must 
be ascending, and as the crank is connected with the opposite 
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end of the walking-beam (or lever), the crank will be descend- 
ing. By the time that the piston has reached the top, and the 

I crank the bottom, the rocking* shaft will be in that position 

where the pallets upon it are horizontal, and, of course, all the 
valves w'ill be shut. But the momentum of the paddle (or fly) 
wheel carries on the motion, and immediately the two valves 
that were formerly shut, viz. the upper steam* valve and lower 
eduction-valve, are opened, and the steam presses down the 
piston with a force equal to the difference between its own 
elasticity and the elasticity of the uncondensed vapours below 
the piston. Thus the engines will continue to go, and the 
paddle-wheel to turn in the direction of the dart. 

But that \^e may endeavour to explain to you the method 
of stopping or reversing the motion of the paddle-wheel, all 
I that is necessary is to shut all the valves ; and this is effected by 

I disengaging the eccentric-rod from the spanner of the rocking- 

I shaft, and the valves all shut of their own accord, by the weight 

i of the valves, lifter rods, &c., and the engine will stand : and to 

^ set the engine agoing, either the one way or the other, is to 

! lower the eccentric- rod, to take hold of the double-ended span- » 

ner on tlie end of the rocking-shaft, as represented on the sketch, 
and then thepaddle wheel will move in the direction of the dart, 
or lift the eccentric-rod to the top of the spanner on the rock- 
ing-shaft, and then the paddle-wheel will move in the opposite 
direction. The use of the sector formed appendages t, on the 
end of the eccentric-rod, is to conduct the pins on the ends of 
the double-ended spanner into the notches adapted for them on 
each side of the eccentric rod ; the form of which is better 
seen detached, at Fig. 8, 

I'he hand-gearing, for starting or stopping the engines, is 
> situated upon the deck of the boat, and ail concentrated upon 

I the top of a small table in view, and in hearing of the man at 

I the helm, or the master, who directs both, w hen coming to the 

quay. 

1, a double-ended handle, which is upon the upright shaft 

1 2, on the lower end of which is a bevel-w heel 8, working into 
aoother wheel 4; this wheel is on a lying shaft, which extends 
from the one eogine to the other, and carries on each end of 
it a spur- pinion 5, which pinion works into the rack & There 
is a similar rack connected with the eccentric-rod of the other , 
engine, into which the other spur-pinion w'orks, so that, by 
turning the handle 1, both engines can be started, stopped, or 
reversed, with the greatest facility and certainty that could be 
wished for. These bevei-vrheels, spur-pinions, and racks, must 
be so proportioned to one another, as that two complete turns 
of the handle I raises the eccentric-rod from the lowest to the 

, ' ' ' , ' , ' . ' ' . ■ ■ ■ ■ ' ■ ' : ' 
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highest position. One turn of the handle raises or lowers 
the eccentric- rods into the stopping position, and one 
either the one way or the other, as circumstances require it, 
sets the boat ahead or astern. There is a projecting piece 7, 
fixed upon the upright shaft, which catches into a notch, pressed 
by a spring, which supports the racks and eccentric-rods, at 
any of the three positions that may be required. 

“ As the said upright shaft makes two turns, and always 
stops at the same point, it is not suitable for the index. To 
remedy this, there is a siriall pinion 8, below the table, working 
into a wheel 9, with four times the number of teeth, for carry- 
ing the index 10. This wheel, making but half a revolution 
for two revolutions of the upright shaft, makes the index upon 
its arbour stand fore and aft wmen the engines are going, and 
thwart ships when the eccentric-rods are set in the standing 
position. 

The index 11 is connected with the regulating-valve 12 
by rods and spanners, and turned by hand, as circumstances 
require. 

“ The index IS is connected with the injection-cock by rods 
and spanners, it being always shut before the engines are stop- 
ped, and opened when the engines are started. Each engine 
has separate gearing for the regulating valves and injection- 
cocks, and graduated circles on brass plates, to show, by in- 
spection, the position in which they are standing. 

When the engines stand for some time, it is necessary to 
let the steam pass freely through them for two or three seconds, 
on purpose to heat them, and expel any air that may have got 
inside. For this purpose, the long handle H*, standing by the 
side of the table, is fixed to a shaft 15, which goes across the 
front of both engines, and by four short spanners (or pallets) 
upon it, lifts all the valves of both engines, and allows the steam 
to pass freely through them by the air-pump valves. The en- 
gineer knows by the sound when to replace the handle in the 
position shown in the sketch; and having previously set the 
index for the head or stern motion in the direction wanted, 
and adjusted the steam-regulating index, the last thing he has 
got to do is to open the injection-cocks, and ini mediately the 
enmnes start in the direction wanted.**' 

• STEEL-YARD, an instrument used for weighing goods, 
&c.; thetheory of which was concisely stated in art. 138 of our 
first volume, and succeeded by a few remarks on its conve- 
niences and inconveniences. In addition to what was there 
observed, we may now state, that steel-yards, in the common 
purposes of commerce, have two advantages over balances. 
1, That their axis of suspension is not loaded with any other 
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weight than that of the merchandise,, the- constant weight of 
the apparatus itself exccplcti ; while the axis of the balance, 
besides the weight of the instrument, sustains a weight double 
to that of tiie merchandise. . The use of the balance requires 
a considerable assortment of weights, which cause a propor- 
tional increase in the pi ice of the apparatus, independently of 
the chances of error which it multiplies, and of the time em- 
ployed in producing an equiUbriuni. These motives induced 
C. Paul, inspector of weights at Geneva, to employ his thoughts 
on the means of so l‘ar improving steel-yards, that, either in 
ileiicate o})orations of tiie arts, or in those of the same kind 
w-liich are often so necessarv in the practice of physical sciences, 
these instraineiits might be substituted with advantage for 
common balances. In order that we may better explain in 
what the improvement of these steel-yards consists, it will be 
proper to point out what v/ere the fiiults of the coranion ones. 

i . There were none of tiaem, in which the points of suspen- 
sion were exactly in the prolongation of the line of the divi- 
sions of the beam; a circumstance which necessarily changed 
the relation between the arms of the lever, the powder, and the 
resistance, according as the direction of the bearaw^as changed 
from a horizontal position . We have seen steel-yards, in which 
a degree ordy of dilference in the inclination of the beam pro- 
duced the difference of more than a pound in the result. 

2 , When the shell, the beam, and weight, are made at hazard, 
a person who possesses a steel-yard cannot know when the in- 
strument is deranged; and even an artist cannot repair it, but 
by repeated trials, and with a great loss of time. 

3. The construction of the common steel-yards, which have 
a small and a large side, renders it necessary to invert them 
frequently ; a laborious operation when these instruments are 
heavy, and which exposes the axes to the danger of damage by 
the effect of the shocks which that turning occasions. 

As these double sides render it necessary to have a beam very 
straight, in order that it may be less faulty, it readily bends, 
wliich is a new source of error ; and, the face which bears the 
numbers being narrow in proportion, it is difficult to form on 
it numbers sufficiently visible. These inconveniences are all 
avoided by the construction of C. Paul, which presents, be- 
sides, several other advantages not possessed by the old steel- 
yards., 

I . The centres of the movement of suspension, or the two 
constant centres, are placed on the exactline of the divisions of 
the beam ; an elevation almost imperceptible in the axis of the 
beam, destined to compensate for the veiy slight flexion of the 
bar, alone excepted. 

VOL. a. 
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The apparatus, by the coBstruction of the beam, is ba- 
lanced below its centre of motion ; so that when no weight is 
suspended, the beam naturally remains horizontal, and resumes 
that position when removed from it, as also when the steel-yard 
is loaded and the w^eightis at the division, which ought to show 
how much the merchandise weighs* The horizontal sitoation 
in this steel -yard, as well as in the others, is known by means 
of the tongue, which rises vertically above tlie axis of sus- 
pension. 

3, It may be discovered that the steel-yard is deranged, if, 
when not loaded, the beam does not remain horizontal. 

4 , The advantage of a great and a small side (which in the 
others augments the extent of their power of weighing) is sup- 
plied by a very simple process, which accomplishes the same 
end with some additional advantages. This process is toemploy, 
on the same division, different weights. The numbers of the 
divisions on the bar point out the degree of heaviness expressed 
by the corresponding weights. For example, when the large 
weight of the large steel-yard weighs 18 pounds, each division 
it passes over on the bar is equivalent to a pound 5 the small 
weight, weighing eighteen times less than the large one, will 
represent, on each of these divisions, the eighteenth part of a 
pound or ounce ; and the opposite face of the bar is marked by 
pounds at each eighteenth division. In this construction, there- 
fore, we have the advantage of being able, by employing both 
weights at once, to ascertain, for example, almost within an 
ounce, the weight of 500 pounds of merchandise. It will be 
sufficient to add what is indicated by the small weight in ounces, 
to that of the large one in pounds, after an equilibrium has 
been obtained by the position of the two weights, viz. the large 
one placed at the next pound below its rem weight, and the 
small one at the division which determines the number of 
ounces to be added. 

5. As the beam is graduated only on one side, it may have 
the form of a thin bar, which renders it much less susceptible 
of being bent by the action of the weight, and affords room for 
making the figures more visible on both the faces. 

6 . In these steel-yards the disposition of the axes is not only 
such that the beam represents a mathematical lever without 
weight ; but ia the principle of its division, the interval between 
every two divisions is a determined and aliquot part of the 
distance between the two fixed points of suspension ; and each 
of the two weights employed has for its absolute weight the 
nnity of the weight it represents^ multiplied by the number of 
the divisions contained in the interval between the two constant 
centres of motion. Thus, supposing the arms of the steeFyard 
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. divided in sucli a manner that ten divisions are exactly contained 

in the distance between the two constant centres of motion^ a 
I weight to express the pounds on each division of the beam must 

I ' , really wejgh ten pounds ; that to point out the ounces on the 

F same division must weigh ten ouncesY&c*. So that the same 

steel-yard may be adapted to any syste.m of measures whatever, 
and in particular to the decimal system, by Varying the absolute 
I ■ heaviness of the weights, and their relation with each other. 

I The application of this principle will be seen hereafter in the 

; description of the steel-jard, to which C. 'Paul, with great j}TO^ 
priety, has given the mime o{ unwers^ steel-^ard. 

But to trace out, in a few words, the . advantages of the 
: steel-yards constructed by C. Pauifor commercial purposes, we 
shall only observe, I. That the buyer- and seller are certain of 
the correctness of the iiLstroment, if the beam remains hori- 
zontal when it is unloaded and in its usual position, 2. That 
these steel-yards have one suspension less than the old ones, and 
are so much more simple. 8. That by these means we obtain, 
w’ith the greatest facility, by employing two weights, the exact 
weight of mercliandise, with all the approximation that can be 
desired, and even with a greater precision than that given by 
common balances. There are few of these which, when loaded 
with 500 pounds at each end, give decided indications of an 

I ounce variation ; and the steel-yards of C, Paul possess that ad- 

vantage, and cost one-half less than balances of equal dominion. 
4 In the last place we may verify, every moment, the justness 
of the weights, by the transposition which their ratio to each 
other will permit ; for example, by observing whether, when 
the weight of one pound is brought back one division, and the 
weight of one ounce carried forwards dghteeu divisions, the 
I ■■ .equilibnuffl still remains.' 

If, instead of ascertaining the weight of the merchandise in 
pounds, you wished to find it according to the system of deca- 
grammes, hectogrammes, and kilogrammes, it would be sufficient 
to substitute, for the ordinary weights, an assortment of three 
I ' ' weights bearing the abovenames. These three weights are the , ' 

decuple one of the other ; and the absolute weight of that 
called kilograminie is to the absolute weight of that called 
pound, ill the exact ratio of these two quantities. It may be here 
seen, that, by adapting to the steel-yard a system of ^three 
weights, we may arrive at the second decimal, or the centiemes 
of the unity of the weights employed, and even without adding 
or^changing any thing in tlie division of the beam. 

It is on this simple and advantageous principle that C. Paul 
has constructed his universal steel-yard. It serves for weighing 
in the usual manner, and according to any system of weights, all 
■ F 
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ponderable bodies, to the precision of half a grain i n the weight 
of a hundred ounces; that is to say, of a ten-thoiisandth part. 
It is employed, besides, for ascertaining the specific gravity of 
solids, of liquids, and even of the air itself^ by processes ^ex- 
tremely simple, and which do not require many siib-divisions 
in the weights. 

The beam of this steel-yard when unloaded rests in equili- 
brio in a horizontal position. The shears are siispended by 
a screw to a cross horizontal bar of wood sup|>orted by two 
vertical pillars, which rest on the two extremities ot a small 
wooden box furnished with three draw’ers, and which serves 
as a stand of the apparatus. This beam is divided into 200 
equal parts, beginning at its centre of motion. The division 
is differently marked on the two faces; on the anterior face, 
the numbers follow each other from 10 lo liOO, proceeding to- 
wards the extremity; and on the other face, the numbers are 
marked in the opposite direction. We shall soon explain the 
use of this difference in the order of numeration. 

A small vertical frame hangs from the cross-bar nearly at the 
further extremity of the steel-yard, and is destinedtopreveni the 
oscillation of the beam; it is placed at the proper height by 
means of the nut and screw by which it is suspended. Above 
the beam is a small cross-bar of brass, suspended by its tw o 
extremities from the cross-bar of wood. Different weights are 
hooked to it, each having marked on it its particular value. 
And, in the last place, a small mercurial thermometer, having 
thetw'o most usual divisions, viz. Fahrenheifs and Keaumur’s, 
and destined to point out the temperature of the air and the 
water during the experiments. The axis of suspension of the 
steel-yard rests upon two beds of very hard well- polished steel. 
The case is the same, but in a reversed situation, with the axis 
which supports the hook, that serves for suspending different 
parts of the apparatus, according to the purpose to which it is 
to be applied. 

When you wish to employ it as a common steel-yard, yon 
suspend from it a brass shell, which is an exact counterbalance 
for the weight of the beam when unloaded. The latter then 
assumes of itself a horizontal situation. You then search for 
the equilibrium of the substance pot into this shell, by positing 
at the proper place, on the beam, tl;e weight and its fractions 
corresponding with the system of weights adopted ; and when 
you have found the equilibrium, you observe the weight indi- 
cated by the divisions on w'hich each of the weights employed 
is found, exactly in the same manner as is done in regard to the 
common steel-yard. . 

There is also, as part of the apparatus, a glass shell suspended 
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occasionally in a jar filled to a certaia -height with water. This 
sbeii is intended for experiments relative to the specific gravity 
of solids. It is in oquiribrium, if, when immersed into water at 
20*^ of Reaumur, as Far as the junction of the three silver wires 
by which it is supported, it exactly balances the weight of the 
I beam iinloa.^ed. 

When you wish, then, to try the specific gravity of a solid, 
you first weigh it in air ; but « y putting it into the brass shell, 

and then substituting the glass one, you weigh it in water. It 
is well kno^vn that the difference of these weights, employed as 
a divisor of the total weight in air, gives for quotient the spe- 
cific gravity. Care must be taken, as in all experiments of the 
kind, that no bubble of air adheres to that part of the apparatus 
immersed in the water, or to the substance, the weight of which 
is required, and which is immersed also. 

''rhere is likewise a solid glass ball destined for the purpose 
of ascertaining the specific gravity of liquids^ in the following 
manner : — This piece is furnished with a hook of fine gold, that 
it may be immersed without inconvenience in acids. When it is 
suspended to the hook of the steel -yard, and in the air, it is in 
equilibrium with the beam loaded at its extremity (either at the 
division marked 0 (nothing) on the backside of the beam) with 
weights entitled specific^ and of specific hooked on at the 
other. 

I This ball, immersed in distilled water at 12^ of Reaumur as 

' far as the end of the straight metal wire which suspends it, is 

still in equilibrium, with these two weights placed in the fol- 
lowing manner, viz. the large one at the division in the middle 
of the beam marked water on the backside of the beam, and the 
I small one at the division 0, that is to say, the extremity. 

When the apparatus is thus prepared, you fill a jar with the 
liquid, the specific gravity of which you wish to ascertain; 
i suspend the glass ball to thehook of the steel-yard, and immerse 

I it into the liquid till it rises exactly above the ring from which 

the ball hangs, observing the temperature, and disengaging 
carefully all the air-bubbles that may adhere to the ball; then 
remove the small weight to the division O at the end of the 
beam, and convey the large one as far as that division, pre* 

I ceding that where the weight of the ball would raise the beam ; 

I and afterwards move the small weight as far as the division 

, where the equilibrium will be restored, the beam being hori- 

zontal. Mark the division at which the large weight is found, 
and add two cyphers ; to this number add the indication imme- 
diately resulting from the position of the small weight, and the 
sum of these two numbers gives 'the specific gravity of the 
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liquid, or its ratio with the weight of distilled water, to a ten- 
thousanfith part 

The larger balloon is nsed in trying the weight of any given 
kind of gas compared with that of atmospheric air, in the follow^- 
ing manner : — The weight entitled is arranged in such 

a manner that when placed in a notch, at the further extremity 
of the beam beyond the divisions, it forms an equilibrium with 
the balloon exhausted by the air-punip and suspended from 
the hook of the steehyard. If the steel-yard is not then in 
equilibrium, it is an indication that the instrument is deranged, 
or that the vacuum is not perfect. The air, the relative weight 
of which in regard to atmospheric air you wish to ascertain, is 
to be introduced into the balloon, and the weight marked air 
is to be moved along the beam. The division at which it 
stands when an equilibrium is produced will indicate, in 
hundredth parts of the weight of the volume of atmospheric air 
that could be contained in the balloon, the weight of the gas 
actually inclosed in it. This indication is read about the middle 
of the anterior part of the beam, where the words atmospheric 
air are marked. 

Not satisfied with having procured to philosophers, and those 
fond of accurate ex [5eriments, an instrument extremely conve- 
nient for the closet, and of very extensive use/ C. Paul has en- 
deavoured to render this apparatus portable, and has construct- 
ed various pocket steel-yards, with which the nicest experiments 
may be made, and the quality of gold coin be ascertained by 
the trial of its specific gravity. They are constructed exactly 
on the same principles as the Homan small steel-yard, but are 
necessarily less extensive in their use. They cannot be employ- 
ed, for example, in determining the specific gravity of an aeri- 
form fluid, and do not extend beyond 100 deniers of weight; 
but as they possess all the advantages of a balance, besides thosO 
l^uliar to themselves, they are extremely convenient for phi- 
losophers Who are obliged to travel. 

A figure of this steel-yard and apparatus may be seen in Til- 
loch’s Philos, Magazine, vol. iii. 

^ A steel-yard, dr balance beam, for the accurate weighing of 
very minute quantities, for specific gravities, See. by Mr, J. H, 
Fatten^ has been recently described, as below, in the American 
Journal of Science. 

One great objection to the usual balance is the difiScuIty 
of getting the points of suspension of the scales to be at equal 
distances from the point of suspension of the beam ; another is 
the frictite-^this alone is sufficient to prevent the substance to 
be weighed from containing an exact quantity of matter with 
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the weight used ; forsuppose a beam lobe so mcely constructed as 
to turn with the tenth of a grain —now to weigh a hundred grains^ 
that weight will be put into one dish and the substance into the 
other, but tiie tenth of a grain must be added before the scale can 
turn perceptibly; it therefore e-tceeds one hundred grains by the 
tenth of a grain, and the weights can only be equivalents when 
the index is at rest, which may be any wnere within the quan- 
tity required to turn the beam— sufficiently accurate for all 
common purposes, but not for weighing the gases and taking 
accurately specific gravities ; and in analysis, where the weights 
are often repeated, it amounts to considerable. The only ac- 
curate method is to make the weight itself the standard ; as was 
proposed by M, Borda. To do this is the object of the beam 
ab c (fig. 5. pi. XHV.) made of steel, sufficiently strong but 
light. The dish is suspended at a, the beam itself upon an 
axis at d ; at c is the milled head of a long screw that is fitted 
with a shoulder and axis, and goes through the slide that 
traverses upon 5 c, and carries tlie weight d. Now suppose it 
is wished to obtain ten grains, place that weight in the 
and screw back the weight d until it exactly counterbalances 
it. If the weight be now removed and a quantity of the sub- 
stance to be weighed be substituted until the index points to 
where it did at first, there will then be very nearly the exact 
weight with but a small allowance for friction ; for were this 
beam a common one, and so nicely constructed as to turn the 
lOOth part of a grain, it would, by making the distance from 
a to b four times greater than from b to d, the point of suspen- 
sion of the weigh t, turn with the 400th part of a grain* It is 
apparently an objection that 100 grains at a will require 400 
at d, but the fact is settled by Coulomb, that this kind of fric- 
tion does not increase in an equal proportion with the weights 
used ; that is, if with a pound in each scale, a beam turn with 
one grain, if there were two pounds in each it would not re- 
quire two grains. 

Tills beam may be used as a steel-yard by screwing the 
weight d to any number marked upon the scale, and should a 
greater quantity be required than that marked in the first line, 
another weight double of d may be substituted/^ 

Stteel Y AR DS to mcertum ammal strength^ may readily be at- 
tached to almost any kind of machinery in which animals are the 
first movers : and it is much to be wished that experiments were 
frequently made with them, in order that our knowledge on this 
point might be increased. 

The following contrivance, falling under this head, has been 
lately proposed for determining the power of horses drawing in 
milk Let ab (fig. 10. pi. X XXIL) be the vertical shaft to 
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which the horizontal horse-poles ac, ad, are attached. Let 
one horse work the machine by drawing at the ear e ; but 
instead of the transverse splinter-bar, to which the harness is 
fixed, being simply hung upon the hook 7z, let a good spring 
steel-yard be interposed between that cross-bar and the hook, 
the graduations of which shall, when the machinery is put into 
motion, indicate the resistance (in lbs.) overcome by the animal, 
including the weight of the mass moved, the friction, &c. 
Near the extremity of the opposite horse-pole ad, let there be 
fixed a strong and correct common steel-yard, w hose divisions 
shall show the various weights from 40 or 50 to <2(J() lbs. and 
whose centre of motion shall be at the point/on the fixed stand. 
Let the cord e, which is fastened to the shorter arm of this steel- 
yard, pass (with as little friction as possible) over the pulley/?, 
and thus, being turned into the horizontal «iireclion, or rather 
inclining a little upwards, let it be fixed to the cross-bar of the 
harness of a second horse, equal in point of strength to the 
former. Then, if the two horses thus attached to the ears s 
and F be made to pass over the walk in the same direction, 
following each other constantly at the distance of a semi-cir- 
cumference; while that which draws at the ear e overcomes 
the whole pressure and resistance opposed by the w’ork; the other 
which draws at F by ihe cord over the pulley p, will raise the 
weight w of the steel-yard ; which, therefore, by being moved 
to and fro upon the army'?, may he brought to exhibit an exact 
counterpoise, or measure <'f the exertion and powder of the horse. 
And in order to ensure the greatest degree of accuracy in this 
respect, the motion of the two animals and the position of the 
weight w should be so adjusted, that the same weight should be 
shown by the graduations both of the spring and of the lever 
steel-yard. The shaking of the machinery will in some measure 
disturb the effect: but an ingenious managerof the experiments 
wdll find means of checking this : and as to the centrifugal force 
to whii'h the weiglit w is exposed, it will never be of material 
consequence in any of the slow motions which will be produced 
by this kind of work. 

Each experiment should occupy the place of a fair day’s w*ork 
for the horses; for the conclusions deduced from shorter and 
irregular efforts are always erroneous in excess, and should be 
guarded against. The rate at which the animals move may 
readily be ascertained from the known circumference of the walk, 
and the number of rounds they are observed to make in ten or 
fifteen minutes. 

A slight modification wdll adapt this contrivance to the deter- 
mination of the power of men pushing at the bars of a capstan ; 
to this end it will only be necessary to have a sufficiently strong 
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frame in form of a t, one end of which may be fastened to a 
noose in the cord passing round the pulley while a man pushes 
at the transverse bar of the framej,' with the same energy as he 
would employ at the capstan bar. 

By means of such steel -yard s properly applied to waggons, 
&c. upon tolerably smooth roads, and two horses marching 
abreast (one drawing the load, the other raising the weight), 
experiments might be instituted to ascertain the magnitude of 
the efforts of horses when ..drawing in rectilinear .pauis. 

In Desagiiliers^s Experimental Philosophy, voi i. some 
steel-yards are described, by which the strength of men may 
be ascertained when standing still, and pulling or poshing 
upwards or downwards : we had, at first, proposed to describe 
them in tliis place ; but as all these contrivances are nearly on 
the same principle, and may easily be adapted to any particu- 
lar purpose, we omit the minute^descriptions and drawings, as 
w^ell as otdij7UimometerSy to make room for other subjects, 

STREAM-measurers, are instruments by which the ve- 
locity of currents of wTiter in rivers, mill-ponds, &c. may be 
determined. 

In the introdactory part of this volume, w^e spoke of the 
common and gross methods of ascertaining the velocity of run- 
ning water in canals, &c. But as more scientific and accurate 
methods have been devised, it seems proper to insert the best 
of them with which w^e are acquainted, in this place. 

1. M. invented a stream measurer of a simple construc- 
tion, by means of which the velocity of any part of a stream 
may readily be found. This instrument is composed of two 
long tubes of glass open at both ends ; one of these tubes is cy- 
lindrical throughout; the other has one of its extremities bent 
into nearly a right angle, and gradually enlarges like a funnel, 
or the mouth of a trumpet: these tubes are both fixed in 
grooves in a triangular prism of wood ; so that their lo%ver ex- 
tremities are both on the same level, standing thus one by the 
side of the other, and tolerably well preserved from accidents. 
The frame in which these tubes stand is graduated, close by 
the side of them, into divisions of inches and lines. 

'Fo use this instrument, plunge it perpendicularly into the 
water, in such manner that the opening of the funnel at the 
bottom of one of the tubes shall be completely opposed to the 
direction of the current, and the w^ater pass freely through the 
funnel up into the tube. I ben observe to what height the 
water rises in each tube, and note the difference of altitudes ; 
for this difference will be the height due to the velocity of the 
stream. It is manifest, that the water in the cylindrical tube 
will be raised to the same heiglit as the surface of the stream. 
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by the hydrostatic pressure : while the water euteriug from the 
current by the funnel into the other tube, will be compelled to 
rise above that surface by a space at which it will be siistained 
fay the impulse of the moving fluid : that is, the momentum of 
the stream will be in equilibrio with the column of water sus- 
tained in one tube above the surtace of that in the otiier. In 
estimating the velocity by means of this instrument, we must 
have recourse to the theory in art 439? &c. vol. I. as corrected 
by the experiments in art. 460. Thus, if the height of the 
column sustained by the stream, or the difierence of heights in 
the two tubes, be in feet, we shall have r: 6*5 v'* ^5 nearly, 
the velocity, per second, of the sU’eam ; if A be in inches, then 

r: 22*47 a/ h nearly. 

It will be easy to put the funnel into the most rapid part of 
the stream, if it be moved about to different places until the 
difference of altitude in the two tubes becomes the greatest. In 
some cases it will happen, that the immersion of the instrument 
will produce a little eddy in the water, and thus disturb the 
accuracy of the observation ; but keeping the instrument im- 
mersed only a few seconds will correct this. The wind would 
also affect the accuracy of the experiments ; it is, therefore, ad- 
visable to make them when there is little or no wind. By means 
of this instrument a great number of curious and useful observa- 
tions may easily be made: the velocity of water at various 
depths in a canal or river may be found with tolerable accuracy, 
and a mean of the whole drawn, or they maybe applied to the 
correcting of the theory of waters running down gentle slopes. 
The observations may likewise be applied to ascertain whether 
the augmentations of the velocities are in proportion to the in- 
crease of water passing along the same canal, or what other re- 
lation subsists between them, &c. 

Where great accuracy is not i’equired , the tube, with the fun- 
nel at bottom, will alone be sumcient ; as the surface of the 
water will be indicated with tolerable precision, by that part of 
the prismatic frame for the tube which has been moistened by 
the immersion. 

M. Pitot likewise proposed that a similar instrument should 
be used instead of a log to determine the rate at which a ship 
sails. For this purpose, place in the middle of the vessel, or as 
near as can be at the centre of its oscillations, two tubes of 
metal of three or four lines in diameter, one of them being 
straight, the other bent at bottom, and enlarged into a conicm 
funnel; the bottoms of both are to dip into the water of the 
sea in which the vessel sails, and there will be no evil to appre- 
hend from orifices so minute : into these metallic tubes are 
closely fitted two others of a convenient height for the observa- 
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j tioris. The water will rise in the first of th^e tubes up to its 

level on the outside of the ship ; and in the second up to a cer- 
tain height, which will indicate, as above, the velocity of the ves- 
sel: for the funnel being turned towards the prow of the ship, 
it will, in consequence of the motion, be affected in like manner, 
as if it were plunged into the stream of a running water ; and 
thus the velocity of the vessel is found by the same theorem as 
that of the current. This method has lately been re-proposed 
in this country, without any acknowledgments to M . Pitot. 
We do not, however, recommend its adoption aboard a ship j 
for, notwithstanding its theoretical ingenuity, it is liable to many 
sources of error in the practice, and would not, it is probable, 

V furnish more accurate measures of a shipTs way than those de- 

1 duced from the log. 

2. Another good and simple method of measuring the velo- 
city of water in a canal, river, &c. is that described by the Abbe 
Manriy in his Treatise on Rivers, Philosophical Transactions, 
voL fig. It is this:-— Take a cylindrical piece of dry light 
wood, and of a length something less than the depth of the wa- 
ter in the river ; about one end of it let there be suspended as 
many small weights as may keep the cylinder in a vertical or 
upright position, with its head just above water. To the centre 
of this end fix a small straight rod, precisely in the direction of 
the cylinder’s axis : to the end that, when the instrument is 
suspended in the water, the deviations of the rod from a per- 
pendicularity to the surface of it may indicate which end of 
the cylinder goes foremost, by which may be discovered the 
different velocities of the water at difierent depths ; for when 
the rod inclines forward, according to the direction of the cur- 
rent, it is a proof that the surface of the water has the greatest 

( velocity ; but when it reclines backward, it shows that the swift- 
est current is at the bottom ; and when it remains perpendi- 
cular, it is a sign that the velocities at the top and bottom are 
equal. 

This instrument, being placed in the current of a river or ca^ 

, nal 5 receives all the percussions of the water throughout the 

I whole depth, and wdll have an equal velocity with that of the 

whole current from the surface to the bottom at the place 
where it is put in ; and by that means may be found, both with 
exactness and ease, the mean velocity of that part of the river 
< for any determinate distance and time. 

But to obtain the mean velocity of the whole section of the 
river, the instrument must be put successively both in the 

i middle and towards the sides, because the velocities at those 

places are often very different from each other. Having by 
this means found the several velocities, from the spaces run 
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over in certain times, the arithmetical mean proportional of all 
these trialsj which is found by dividin^y the common sum of 
them all by the number of the trials^ will be the mean velocity 
of the river or canal. And if this medium velocity be multipli- 
ed by the area of the transverse section of the waters at any 
place, the product will be the quantity running tiirough that 
place in a second of time. 

If it be required to find the velocity of the current only at 
the surface, or at the middle, or at the bottom, a sphere of wood 
loaded, or a common bottle corked with a little water in it, of 
such a weight as will remain suspended in equilibrio with the 
water at the surface or depth which we want to measure, will 
be better for the purpose than the cylinder, because it is only 
affected by the water of that sole part of the current where it 
remains suspended. 

Both the cylinder and the globe may be easily guided into 
that part which we w’ant to measure, by means of two threads 
or small cords, which two persons, one on each side of the ca- 
nal or river, must hold and direct ; taking care at the same 
time neither to retard nor accelerate the motion of the instru- 
ment. For other contrivances for this purpose, as well as for 
a table of the relations of velocity at the surface, bottoms, &c. 
of a stream or river, see Da Fmat^ Ht^draiilique^ tom. 1. and 
Gregor if s Mathematics Jb^ Practical Men^ pp uOO, 3 12. 

SIIliFACE-PLAXiNG Machinery. In October, 1802, a pa- 
tent was taken out by the late Mr. Joseph Bramah for ma- 
chinery for the purpose of producing straight, smooth, parallel 
surfaces, and curvilinear surfaces, on wood, and other materials 
requiring accuracy, in a manner much more expeditious and 
perfect than can be performed by the use of axes, saw^s, planes, 
and other cutting instruments, used hy hand. As many par- 
ticulars in the specification of this patent are highly curious, 
and cannot fail to be very beneficial, we shall extract the greater 
part of it from the Repertory of Arts and Manufactures, vol. 
ii. N. S. 

The principal parts of my invention are as follows ; that is 
to say, to shorten and reduce manual labour, and the conse- 
quent expenses which attend it, by producing the effects stated 
in my patent by the use of machinery, which may be worked by 
animal, elementary, or manual force ; and which said effects are 
to produce straight, true, smooth, and parallel surfaces, in the 
preparation of all the component parts of work consisting of 
wood, ivoiy, horn, stone, metals, or any other sort of materials, 
or composition usually prepared, and render it {theni) true and 
fit for use, by means of edge-tools of every description. I do 
«ot rest the merits of this my said invention on any novelty 
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ill the general principle of the machinery I employ, because the 
public benefit I propose will rather depend on new effects, pro- 
duced by a new application of principles already known, and 
machinery al ready in use for other purposes, in various branches 
of British manufacture. This machinery, and the new manner 
of using it, with some improvements in the construction, toge- 
ther witli sundry tools and appendages never in use before, are 
pas ticuiarly described and explained hereunder. 

I mean to use and apply for tl e purposes above stated 
every kind of edge-tool, or cutter, already known, either in 
their present shape, or with such variations and improvements 
as the variety of operations I may encounter may severally call 
for. But the tot)ls, instead of being applied by hand, as usual, 

I fix, adjudgment may direct, on frames drove {dritmi) by ma- 
chinery : some of which frames I move in a rotatory direction 
round an upright shaft ; and others having their shaft lying in 
a horizontal position, like a common lathe for turning wood, 
&c. Ill other instances I fix these tools, cutters, &:c. on frames 
which slide in stationed grooves, or otherwise, and like the 
former calculated for connexion with, and to be driven by, ma- 
chinery, all of which are hereafter further explained and parti- 
cularized. 

The principal points on v/hich the merits of the invention 
rest are the follow iug. Eij*st, I cause the materials meant to be 
ivrought true and perfect, as above described, to slide into con- 
tact with the tool, instead of the tool being carried by the hand 
over the work, in the usual way. 

Secondly, I make the tool, of whatsoever cutting kind it 
be, to traverse across the work in a square or oblique direction ; 
except in some cases, where it may be necessary to fix the tool 
or cutter in an immoveable station, and cause the work to fall 
in contact with it by a motion, confining it so to do, similar to 
the operations performed on a drawing-bench. 

Thirdly, in some cases I use, instead of common saws, axes, 
planes, chisels, and other such instruments, usually applied by 
hand ; cutters, knives, shaves, planes, and the like, variously, as 
the nature of the work may render necessary ; some in form of 
bent knives, spoke-vshaves, or dec^p cutting gouges, similar to 
those used by turners for cutting off’ the roughest part I also 
apply planes" of various shapes and construction, as the work 
may rec|iiire, to follow the former in succession, under the same 
operation ; and which latter 1 call furnishers* 

Fourthly, these cutters, knives, &c. I fix on frames of wood, 
or metal, properly contrived for their reception, and from which 
they maybe easily detached for the purpose of sharpening, and 
the like — these 1 call cutter-frames. These cutter-frames I 
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move in cases like those on which the saws are fixed in a saw- 
ing-mill, and sometimes to^reciprocate in a horizontal direction, 
confined and stationed, by grooves or otherwise, as may be 
found best calculated to answer the several works intended. 
In other instances, and which I apprehend will generally have 
the preference, I fix cutter-frames on a rotatory upright shaft, 
turning on a step, and carrying the frame round in a direction 
similar to the upper mill-stone ; and sometimes I cause the 
frames to turn on a horizontal shaft, just resembling the mandrel 
of a common turning-lathe, or those machines used for cutting 
logwood, &c. for the dyers^ uses. When these frames are 
mounted in any of the foregoing directions for cutting, planes, 

are fixed so as to fall successionally f successively ) in con- 
tact with the \vood or otlier materials to be cut, so that the 
cutter or tool calculated to take the rough and hilly part ope- 
rates the first, and those that follow must be so regulated as to 
reduce the material down to the line intended for the surflxce. 
These cutter-frames must also have the property of being regu- 
lated by a screw or otherwise, so as to approach nearer the 
work, or recede at pleasure, in order that a deeper or shallower 
cut may be taken at disoretion, or that the machine may repeat 
its action without raising or depressing the materials on which 
Jthey act. The manner of thus regulating the cutter-frames, 
when on an upright shaft, is particularly described below. 
These cutter-frames may be made of any magnitude and di- 
mensions the work requires, only observing to make the diame- 
ter of those on the rotatory planeso as to exceed twice the width 
of the matei'ials to be cut, as the said materials must slide so as 
to pass the shaft on which the cutter-frame revolves, when on 
the upright principle. 

Fifthly, when I use upright shafts, for the purpose of carry- 
ing the cutter-frame as above described, I do not mean that the 
lower end or point of such shafts shall come in contact with, 
or rest on, the bottom of the step or box in which they stand ; 
neither do I mean that such said shafts shall rest or turn on any- 
stationed unalterable point at rest, bat the pivot or lower point 
of the shaft shall actually rest and turn on a fluid body, such as 
oil, or any other fluid proper for that purpose, a considerable 
portion or which is always to be kept between the lower point 
of the shaft and the bottom of the step in which it works. The 
«ai<i shafts may be either raised or depressed at pleasure to any 
required altitude, by means of a greater or less quantity of the 
said fluid being confined as aforesaid, between the end of the 
shaft and the bottom of the step. This device I deem of great 

* See Count de Thixnlle’is specification, published in the fourteenth volume of th 
first series of the Repertory, or the English Encyclopsedia, art. waterworks, fo 
the development of a similar invenrion, 
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consequence in the fiibrication of all kinds of machinery, where 
massy and heavy loaded upright shafts are used ; and I perform 
it in the following manner ; that is to say ; I’he lower part of 
the shaft must be turned perfectly smooth and cylindricalj to a 
height something above the greatest distance or length the shaft 
will ever be required to be raised or depressed when in use. 
1 his part of the shaft I immerse or drop into a hollow' cylinder, 
which fits its circumference near enough to allow freedom of 
motion, but sufficiently fitted to prevent shake. This cylinder I 
call the step'Cyiinder, and ( which ) must be of a length nearly 
equal to that of the cylindrical part of the shaft above mentioned, 
so that when the point of the shaft rests on the bottom of the cy- 
linder, the paraliel or cylindrical part may be something above 
the top or upper end of the step-cylinder, in the upper end of 
tiiis step-cylinder 1 make a stuffing-box, by means of a double- 
cupped leather, or other materials, surrounding the cjlindrical 
part of the shaft in such a way as will cause the junction, when 
the shaft is passed through it, to remain water-tight under any 
pressure that may be felt from the efforts of the fluid retained 
as before mentioned, to make its escape upwards through this 
part, (which) I have called the stuffing-box, when the shaft, 
with all its load, is passed through it, and immersed in the cy- 
linder below. When this is done, the injecting-pipe of a small 
forcing- pump, similar to those I use in my patent press, must 
form a Junction with the .step cylinder in some part below the 
stuffing-box ; then the pump being worked, the oil, or other 
fluid injected by it, will, by pressing in all directions, cause the 
shaft to be raised from its rest, on the bottom of the cylinder, 
and to be slided up through the stuffing-box just the same as 
the piston of my patent press ; and by this means the shaft, with 
all its incumbrance, and whatever may be its weight, may be 
raised to any given point at pleasure, and at the same time it 
will be left resting on the fluid under it, whatever the quantity 
or thickness of such fluid may be between its points and the bot- 
tom of the step-cylinder. By this means the shaft, with all its 
incumbent load, as aforesaid, should it even amount to hundreds 
or thousands of tons, can be easily raised and depressed to any 
required point at pleasure, by the alternate injunction (injec-* 
tion ) or discharge of the fluid used, exactly the same as per- 
formed by my patent press as aforesaid; and at the same time 
all friction will be avoided, except that of the stuffing-box, 
which will be comparatively trifling to that which would result 
from the resting of such a shaft on the bottom of the step, in 
the usual way. Thus will be gained the properties above 
stated ; and in addition thereto, 1 think it may be inferred, that, 
provided the stuffing-box is kept perfectly fluid tight, such a 
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shaft, thus buoyed up by and turning in a proper fluid, may 
continue working for years, or perhaps hundreds of years, with- 
out a fresh supply of oil, or whatever other fluid substance is 
found the most proper to apply. 

“ Sixthly, the material that is to be cut and made true must 
be firmly fixed on a platform, or frame, made to slide with 
perfect truth, either on wheels or in grooves, &c similar to 
those i’rames in a saw-mill on which the timber is carried to the 
saws. These frames must be moved in a steady progressive 
manner, as the cutter-frame turns round, either by the sanie 
power which moves the latter, or otherwise, as may be found 
to answer best in practice. This motion also must be under 
the power of a regulator ; so that the motion of the sliding- 
frame may be properly adjusted according to the nature of the 
work. The motion of the cutter frames must also be under the 
control of a regulator ; so that the velocity of the tool in pass- 
ing over the work may be made quicker or slower, as such work 
may respectively require, to cause the cutter to act properly, 
and to the best advantage. 

Seventhly, i regulate the motions of both these parts of the 
apparatus, as aforementioned, by means of a new invention, 
which I call a universal regulator of velocity, and which is 
composed as follows: viz. I take any number of cog-wheels, 
of different diameters, with teeth, that will exactly fit each 
other through the whole, suppose ten, or any other nuonber, 
but for example say ten, the smallest of which shall not exceed 
one inch in diameter, and the largest suppose ten inches in di- 
ameter, and all the rest to mount by regular gradations in their 
diameters from one to ten. I fix these ten wheels fast and Im- 
moveable, on an axis perfectly true, so as to form a cone cf 
wheels, I then take ten other wheels, exactly the same in all 
respects as the former, and fix them on another axis, also per- 
fectly true, and the wheels in conical gradation also; but these 
latter wheels I do not fix fast on their axis, like the former, but 
leave them all loose so as to turn upon the said axis, contrary 
to the former, wdiich are fixed. All these latter wheels I have 
the power of locking by a pin, or otherwise, so that I can at 
discretion lock or set fast any single wheel at pleasure. I then 
place the two axises ( awes ) parallel to each other, with the 
wheels which form the two cones, as above described, in re- 
verse position, so that the large wheel at the one end of the 
cone may lock its teeth into the smallest one in llie cone oppo- 
site, and likewise 7)e7'm. Then suppose the axis on which 
the wheels are permanently fixed to be turned about, all the 
wheels on the other axis will be carried round with an equal 
^^elocity with the former, but their axis will not move. Then 
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lock the largest wheel on the loose axis, and by turning about 
the fast (fastened) axis as before, it must make ten revolutions 
while the opposite performs but one: then by unlocking the 
largest wheel and locking the smallest one at the contrary end 
of the cone in its stead, and turning as before, the fast (fasten- 
ed) axis will then turn the opposite ten times while itself only 

( revolves once. Thus the axes, or shafts, of these cones, or 
conical combination of wheels, may turn each other recipro- 
cally, as one to ten, and as ten to one ; which collectively pro» 
duces a change in velocity under a uniform action of the pri- 
mum mobile^ as ten to a hundred : for when the small wheel 
on the loose axis is locked, and the fast one makes ten revolu- 
tions, the former will have one hundred. And by adding to 
the number of those wheels and extending the cones, which may 
be done ad velocity may be likewise infinitely varied 

by this simple contrivance— A may turn b with a speed equal to 
thousands or millions of times its own motion ; and by changing 
a pin and locking a different wheel, as above described, b will 
■ turn A in the same proportion, and their power will tram-^ 

f erred to each, in 'proportion as their •velocities, reciprocaUj/. 
Here is then a universal regulator at once for both power and 
velocity. In some instances I produce a like effect by the 
same necessary number of wheels, made to correspond ill co- 
nical order, but instead of being all constantly mounted on the 
axises ( axes ) or shafts, as above describe, they will recipro- 
cally (be) changed from one axis to the other in single pairs, 
match according to the speed or power wanted, just as in the 
\ former insitance. This method will have in all respects the 

same effect, but is not so convenient as when the wheels are all 
fixed, &c. 

I ^‘Eighthly, when spherical surfaces are to be produced per- 

I fectly true, and parallel to (equidistant from) their centres in 

I all directions, I use a tool, or cutter, of a proper shape, accord- 

ing to the nature of the materials to be cut This tool must be 
fixed on a cotter-frame, fastened to the rest of any common 
lathe, so as to present its point exactly to a line drawn through 
the centre of the mandrel of the lathe horizontally, and the 
said frame on which the cutter is fixed must have the capacity 
of drawing out, at pleasure, to any required distance, to accom- 
l niodate the diameter of the sphere to be cut or turned true. 

This cutter-frame must be likewise made to turn upon a centre 
or pin, very firm, aiid steadily fixed on the rest above men- 
tioned, so as to enable the cutter to be turned by its frame 

i round a centre exactly perpendicular to the centre of the lathe 

or line before nientioned, by which the altitude of the toof s 
pdnt is to be regulated ; when this is done, and the wood or 
,VOL. 11. ■ ^ ^ ■ 
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other materials fixed on the lathe in the usual way, the cutter- 
frame must be drawn nearer, or farther distant from the centre 
on which it turns, to accommodate the diameter, just the same 
as the common rest. If the materials be rough, and require to 
be reduced to a spherical form by gradations, the work may be 
repeatedly gone over by the cutter, before it reaches the diame- 
ter proposed. By this simple apparatus the difficulty of turn- 
ing perfect spheres is overcome ; as it must be obvious to any 
person of the most ordinary capacity in mechanics, that while 
the work is turning in the lathe in a vertical direction, and 
the tool or cutter is by the hand, or otherwise, turned, at the 
same time, in a perfectly horizontal direction, round a centre, 
opposite to the actual centre of the sphere, the point of the 
tool or cutter must, of necessity, generate or turn a perfect 
sphere, true in all directions, without the smallest attention 
or assistance from the use of the instrument I mention 
here the application of the cutter-frame to a common lathe, 
conceiving it will, by such an explanation, be more familiarly 
understood without a drawing ; but, by this method, spheres 
of any practical magnitude may be cut with perfect ease and 
certainty. 

Ninthly, when concave surfaces are to be produced per- 
fectly true, smooth, and parallel to (equidistant from) their re- 
spective spherical centres, the work is fixed on a machine the 
same in all respects as the common turning lathe, as in the 
instance last referred to : I then fix a tool or cutter on a centre, 
exactly in a line, both perpendicular to, and on a level with, the 
exact centre of the shaft or mandrel on which the work re- 
volves: and which cutter or tool projects to the required radial 
distance with its point, so that when the work goes round by 
the revolution of the lathe, the tool or cutter at the same time 
revolving round its centre, a spherical concave will be generated 
and produced by the fluction ^ of its point, as in the instance of 
the convex sphere. 

Tenthly, I convert solid wood, or other materials, into a 
thin concave shell, similar to a dish ; I cut them alternately out 
of each other, beginning at the smallest, by means of another 
tool or cutter, likewise moving on a stationed centre, as before, 
exactly on a level with, and perpendicularly true with the cen- 
tre of the mandrel or shaft of the machine on which the work 
is fixed. This tool, or cutter, is made at its exterior point, or 
cutting end, of such a shape as best suits the nature of the work : 
and its shank or stem is bent to the exact circle the concave is 
meant to be: it is then fixed on an arm or frame calculated to 


* Comjmred with the record. 
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receive others of dijSerent circles, according to the work ; in 
fact the same frame may be used which is above described to 
hold the tool for cutting spheres, either of the concave or con- 
vex kind. The 'tool must be fixed on this frame or arm, as 
above mentioned, at such a radial distance from the ceiure on 
wdiich the frame or arm turns, so as to form a quadrant with one 
leg, turning on its centre, and the tool forming tlie periphery 
with its cutting point projecting to the line of the deficient leg. 
Before this tool begins its action, a common rest must be ap- 
plied close to the face of the work, in order to support the tool 
when it begins its cut; and on which rest the tool will slide till 
its point proceeds under the control of the centre on which its 
frame is fixed, until it reaches the horizontal line of the latlie's 
centre, when the part cut off, or the inner dish, will fail from 
the stock, and leave the rest for the operation of another tool, 
of a larger circle. Thus the operation may be repeated till the 
whole lump is converted according to the intentions of the 
owner.’’ 

Mechanism upon the principle of this specification, for 
planing, has been erected and employed to a very great extent 
in the carriage department of the Royal Arsenal, Woolwich. 

SYPHON, with Close's and Venturis new applications of 
it to convey w^ater above the level of the reservoir. See Crake. 

TEETH OF WHEELS, and leaves of pmiont^ require great 
care and judgment in their formation, that they may neither 
clog the macninery with unnecessary friction, nor act so irre- 
gularly as to produce any inequalities in the motion, and a 
consequent wearing away of one part before another is much 
alFected by the work* 

Several eminent matheraaticians upon the continent, and a 
few in England and Scotland, have directed their investigations 
towards a subject so essential to the perfection of machinery; 
yet, although Roemer, Vaidgnon, De la Hire, Camus, Euler, 
Emerson, Kaestner, and Robison, have turned their thoughts to 
this object, and some of them have struck out rules of ready 
application in practice, it is to be regretted that these ruks have 
been little followed by practical mechanics, most of whom have 
in this case been more inclined to follow a set of hackneyed rules 
handed down from one workman to another, though completely 
destitute of scientific principle. Even watchmakers, in whose 
constructions a little more than common skill and nicety in the 
execution might be expected, are but few of them acquainted 
with any roles founded upon the deductions of accurate theory; 
but commonly, we are informed, give to their teeth the shape 
assumed by aliorse-hair when held bent between the fingers ; a 
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method so vague that it is difficult to conceive how it came to 
be adopted. 

The best, most accurate, and at the same time simple rules, 
for the formation of teeth and pinions, with which we are 
acquainted, have been given by M* Camus, in the third part of 
his Cour6^ de Mathematlqiie^ and by Dr, Brewster, among his 
judicious additions to Fer^isorCs Lectures, As Fergiisoifs 
work, with Dr. Brewster’s improvements, may be beneficially 
consulted by every practical mechanic, we would refer those 
to it who wish to peruse his ingenious dissertation ; and shall 
in this place extract some of the useful rules of Camus, trans- 
lating, with occasional alterations and additions, from the 
edition of 1759. 

The best form that can be given to the teeth of any machine 
is, in general, that which will cause those teeth to act upon each 
other in an equally favourable manner, or which will enable a 
constant power to communicate a uniform motion. Now, if all 
wheels could have their teeth infinitely small, as if two wheels 
should have their rims surrounded with buff leather whose 
protuberances may be considered as teeth, and then made to act 
on each other (see the article wheel), their engagement might 
be regarded as simple contact, and would possess the desired 
property ; since the wheels would in that case have both the 
same tangential force. The finite and sensible teeth made in 
wheels and pinions, and acting upon one another in the same 
plane, will therefore be such as are required when the wheel 
moves the pinion, or the pinion the wheel, just as though they 
simply touched each other. 

It must be premised that the distance from the centre of a 
wheel or a pinion to the extremity of any one of its teeth or 
leaves, is called the true radius of such wheel or pinion ; and, 
when a wheel and pinion are properly fixed and adjusted for mu- 
tual action upon each other, the line drawn from one centre to 
the other is called the line qf the centres^ while the portions of 
this line into which it is divided in the respective ratio of the 
number of teeth in the wheel and pinion, are denominated the 
primitive radii of such wheel and pinion. Now it is demon- 
strated by Camus, that the wheel and pinion will have the same 
force for turning at their primitive circumferences, when the 
right line drawn from the point of contact of two teeth perpen- 
dicular to their curvature, passes through the point which 
separates the primitive radii of the wheel and pinion. Hence, 
we must regard as the best figures which can be given to the 
teeth of wheels and jMnions, those which so act with respect to 
each other, that the Mije perpendicular to the parts which touch 
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will always pass through the same |K)iiit where the primitive 
radii of the wheel and pinion terminate in the line of the cen- 
tres. This condition, it is well known to maihematicians^ may 
be secured by making the faces of the teeth epicycloidal, and 
of magnitudes regulated by those of the wdieels and the num- 
ber of the teeth. 

To convey a familiar idea of the nature of epicycloids to such 
readers as are not very conversant in mathematics, suggesting, 
at the same time, an eligible method of describing them, a de- 
finition Is here given, 

JLet there be any two circles cak, ahx, (fig. i4. pi 
XXXII.) formed of wood, or brass, or other metal, placed 
upon a table or upon a flat metallic plate so as to touch each 
other, as in c: then if the circle ahx be made to revolve with 
its circumference always in contact with the circumference of 
the circle car, a style, or tracing pin, or projecting point, fixed 
upon the circumference of the revolving circle, will, during its 
motion, trace upon the table or plate below the two circles a 
curve which is called an epicycloid. The circle which in revolv- 
ing describes an epicycloid, by a point in its circumference, is 
caTied the gemrating circle^ and the arc of the immoveable 
circle, whi<m is equal to the circumference of the revolving circle, 
and every point of which is touched in succession by the several 
points of the revolving circumference, is called the hme of the 
epicycloid . When the generati ng circle revel ves without the 
immoveable circle, the epicycloid is called mn eMerior 
cloid; but if the generating circle revolves within the other 
circle, the epicycloid is called : it is the former to which 

most persons have confined their attention in discussions re- 
lative to the teeth of wheels. Epicycloidal arcs may manifestly 
be described merely by means of segments of circles of a due 
magnitude ; and little patterns of pasteboard, or of brass, may 
easily be cut to coincide with such arcs, so as to form what the 
workmen cbW templets or pattern teeth, to regulate the shape 
of those actually to be constructed on a wheel or pinion. 

When three circles cab, ahx, aby, touch continually in one 
point, there will be generated an exterior and an interior epicy- 
cloid at the same time: and in this case when the circle abY 
has its diameter half that of ahx, the interior epicycloid he 
which touches the exterior ce, will be a right line always 
directed to the centre b, of the circle ahx. Hence it follows 
that when two circles, as cAii, ahx, touch each other conti- 
nually, and the one compels the other to revolve, carrying it 
along by the point of contact a, if we conceive a radius bh, in 
the circle ahx, and after making arc ac := arc ah, describe 
through the point c, taken as the origin, an exterior epicycloid 
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CEj which has for its generating circle one whose diameter is 
eqy?>l to the radius bh, such radius bh will, during the motion 
of the two circles c^R, ahx, always touch the epicycloid ce, 
in the point e, where this epicycloid is cut by the right line ab, 
peipendicular to its curvature. Thus, instead of conceiving 
that one of these two circles moves the other by the point of 
contact A, we may cause the radius bh of the circle ahx to be 
impelled by an epicycloid cb, attached to the circle car, and 
described by the motion of the circle aey, whose diameter is 
equal to the radius bh : we may also, reciprocally, cause the 
epicycloid ce attached to the circle r, to be impelled by the 
radius beJ of the other circle ; and so, by means of the epicy- 
cloid CE and the radius bh, or a series of such epicycloids and 
such radii properly disposed, the two circles might move each 
other as though they were impelled by the point of contact a. 
The best form of teeth of wheels and pinions, when one of these 
is to be a right line, may readily be deduced from this con- 
sideration. 

If there w'ere only two circles touching one another in the 
point A, and if the motion of the one were communicated to 
the other by the point of contact, any point whatever, e of the 
circumference ae y (fig. 1 4 . pi. X XXI I.) would describe on the 
moveable plane of the circle gar, an epicycloid oe ; and this 
epicycloid, when supposed to be attached to the circle car, 
would move the circle aey, impelling it by the point e of its 
circumference, in the same manner as the former circle would 
move the latter, communicating motion to it by the point of 
contact A ; and, reciprocally , the point e of the circumference of 
the circle aey turning upon its centre o, would cause the circle 
car to revolve, impelling it by the epicycloid ce, supposed to 
be attached to this circle car ; in the same manner that the same 
circle aey would move the circle car, by communicating its 
motion through the point of contact a. And hence may be 
deduced the best shape for the teeth of a wheel, when it is to 
drive, instead of a toothed pinion, a lantern composed of 
spindles. 

Since it is rather simpler to shape the teeth of a wheel to 
engage with the spindles of a lantern, than those w hich are to 
act with the leaves of a pinion ; we shall first consider that case, 
and, supposing the number of teeth of a wheel, and of spindles 
of a lantern, together with the distance of their centres, to be 
given, shall show how to determine the primitive and true radius 
of the wheel, the magnitude and shape of the teeth, and the 
depth of their engagement in the lantern. 

Here we must commence with supposing the spindles of the 
lantern to be indefinitely thin, such as may be represented on 
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any plane section of the lantern, by mere central points. Letj 
then, the number of teeth in the wheel be denoted by m 
(suppose 30 ) and the number of spindles in the lantern by n 
(suppose 8), and let gf be the line of the centres (fig. 5. 
pL XXXL) the letter f being referred to the point of con- 
course of the converging lines from a, n, x, r, whose continua- 
tions are omitted in the figure, to save room upon the plate. 
Divide the whole line gf into two parts, in the ratio of m to 

that is. make af = fg, and agcs fg, so will af and ag 

, , , w + ra , . ■ ■■ ■ ■ 

be the required primitive radii of the wheel and lantern. With 
' the primitive radius of the lantern describe the circle AEuih, 

i and divide its circumference into 7i (8) equal parts, marking the 
points of division a, e, h, j, k, &c. for the positions of the 
assumed indefinitely thin spindles : also, describe with the pri- 
mitive radius of the wheel the circumference cstn, and divide 
it into m ( 30 ) equal parts, one of which is ca ; and let al be 
the small vacuity or interval which it is thought proper to leave 
between the teeth of the wheel, for the play of the engagement. 
Then cl wnll be the foot of one tooth, through the extremities 
of which describe two opposite epicycloids cep and lmp, which 
turn their convexities towards the neighbouring teeth, and 
which have the circle can for base, and ehkA for generating 

( circle. And proceed in a similar manner to describe the other 
teeth, as A gn, &c. From this construction it is obvious that 
the distance from f, the centre of the wheel, to p, the point 
concourse of the two epicycloids, forming a tooth, is the 
greatest true radius that the wheel can have, in the proposed 
case; and since no more of any tooth is wanted than what 
i reaches from c to e, the preceding spindle, when the bottom l, 

I of the tooth, comes in contact with the next spindle a, the whole 

I quantity epm may be cut away from the tooth, and it wdll still 

f continue effectual in the machinery; so that the distance from 

E, to the centre F, is the shortest radius which the wheel can 
have, and any radius may be adopted between the limits fe 
I and FP. ■ ■ ' 

Our next business is to reform all these teeth, to make them 
; accord with the spindles of a finite diameter, which the wheel 

J must have. Here, if the radius of the spindles, which we sup- 

i pose equal, be given, describe with this radius, on the plane of 

each tooth, as many small arcs as can well be done, having all 
their centres in the two epicycloids which form the tooth; and 
trace out tw^o curves, such as ro, so, through all these arcs 
parallel to the epicycloids, between which the first teeth are 
contained. These new curves RO, so, or ty, vy, being thus 
[ described, will reform the first teeth cpl, Agx, he, and will 
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comprehend between them and the primitive circle of the wheel, 
the spaces nos, tyv, &c. which will be the proper figures of 
the teeth of the wheel, to drive the spindles a, e, h, f, k, % 7i, e, 
the diameters of which are given. For, if we imagine that the 
centre e of a spindle is moved by the tooth cpl, the curve no 
which is parallel to the epicycloid cp, and is distant from the 
radius of the spindle e, will always touch the circumference 
of that spindle; hence the curve ro will move the cylindric 
spindle, just as the tooth cpl, formed by two epicycloidal 
portions, would move the axis e of that spindle; consequently, 
the tooth EOS has the proper form to move a lantern with the 
proposed cylindric spindl^. 

When the common radius of the spindles of the lantern is not 
given, if it be necessary to correct the first teeth of the wheel 
CPL, AgN, so that the new teeth shall leave between them 
vacuities equal to the breadth of their feet; and if it be proposed, 
likewise, that the play of the engagement should always be 
equal to al ; then divide into two equal parts c o and BL the foot 
of the tooth CL, and having taken on both sides of the point d. 
two parts Dll and ds, equal to ^ of the arc ac, the arc rs will 
be the foot of the new tooth demanded. Then, with a radius 
equal to the chord of the arc CR, trace out the circles a, e, h, 
&c. which will represent the magnitude of the spindles of the 
lantern. Lastly, to complete the correction of the first teeth 
of the wheel, describe with the same radius, on the plane of 
them, as many small arcs as may be, having their centres in the 
epicycloids which comprise the first teeth : and if there be drawn 
curves through all these small arcs, such as no and so, or ty 
and VY, we shall have new teeth ros, and tvy, which will 
leave vacuities between them equal to the breadth of their feet; 
which will have the play demanded, while acting in each other, 
and which will drive the spindles whose size has been deter- 
mined, in like manner as the former teeth wonld have driven 
spindles infinitely thin. 

Now, as the two curved sides of each of the new teeth mutu- 
ally terminate in the point or edge of concourse, it is clear that 
the distance of of the point of one of these new teeth from 
the centre f of the wheel will be the greatest true radius the 
wheel will admit of. And, when a spindle e has been moved 
till the centre a of the following spindle is in the line gf of the 
centres, the spindle a may, in its turn, be moved by the suc- 
ceeding tooth T Yv ; and then it will be no longer necessary for 
the tooth ROS to move the cylindric spindle e. The tooth 
ROS, therefore, may be terminated at the point x where it 
touches the spindle e, when the centre of the succeeding spindle 
is in the line of the centres-, and the distance xf of tliat point 
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of contact from the centre of the wheel will be the least true 
radius the wheel will admit of. It will be proper to give the 
true radius of the wheel a mean length between of and xf, and 
to file or round off the point of the tooth. 

The teeth of the wheel being thus constructed, it is obvious 
that they will not move the spindles till their centres have ar- 
rived at tiie line of centres ; and that the spindles, on the con- 
trary, will move these teeth by impelling them towards the line 
of the centres of, and until their centres have arrived at that 
line. - 

The sides tz and s&, of the vacuities sunk in the primitive 
wheel, being directed towards the centre f of the wlieel, the 
rounding of the spindle which proceeds beyond the primitive 
circle of the lantern, ought to have the shape of an epicycloid, 
which has for its base the primitive circle of the lantern, and is 
generated by a circle having a diameter equal to the radius af 
of the wheeh Hence a circular spindle does not appear proper 
to be carried towards the line of the centres, by the side tz of 
the vacuity sunk into the primitive wheel. But the preceding 
spindle e, being conducted by the preceding tooth of the wheel, 
until the centre of the spindle a has arrived in the line of the 
centres, and the space ta which the right line tz ought to make 
the spindle pass over, before it attains the line of the centres, 
being very short ; the arc of the spindle on which the side tz 
will slide, in driving that spindle, will be so minute that it may 
betaken for a small arc of an epicycloid ; and of consequence, 
if there be any want of uniformity in the movement of the 
lantern by the wheel, during the little time the part tz of the 
tooth moves the spindle, this deviation fi’om uniformity will be 
too small to be sensible. 

It may not be amiss to observe that, since the teeth of a 
wheel must, by impelling the spindles of a lantern, remove them 
from the line of the centres, and since no shocks need be feared 
in this method of moving a lantern, a lantern may, without 
any inconvenience, be caused to be moved by a wheel. But, 
since, on the other hand, the spindle of a lantern ought by im- 
pelling the teeth of a wheel to bring them nearer to the line of 
the centres, and since shocks may occur in this method of driv- 
ing a wheel, it seems reasonable to conclude that a pinion is 
preferable to a lantern when a wheel is to be driven. 

We may next proceed to consider the case, in which, know- 
ing the number of teeth in a wheel, and the number of the leaves 
of the pi?iio7i upon which it is to act, with the distance of their 
centres, we wish to determine their primitive and true radii, 
as well as the form of the teeth of the wheel, and the leaves of 
the pinion. Here, having, as in the former instance, divided the 
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distance fb of the centres (fig. IS. pi. XXXII.) into two parts 
AF and AB, proportional to the number of the teeth of the wheel, 
and leaves of the pinion respectively, these parts will be the 
primitive radii of the wheel and the pinion ; and if there be 
described with these two parts as radii, from the points Fand b 
as centres, two circumferences a^r, atx, touching each other 
in the point a, they will be those of the primitive wheel and 
pinion. 

It is common to shape a wheel so that the breadth of the 
teeth is equal to that of the vacuities, which is called by the 
French — Fendre roue tant plein que vuMe. In this case, 

divide the primitive circumference of the wheel into twice as 
many equal parts as it ought to have teeth, in order to fix the 
teeth CA, Lq, &c. of these teeth, and the vacuities al, gq, &c, 
which ought to be interposed. But if it be proposed that the 
teeth should fill more space than the vacuities, as is proper in 
certain circumstances, we must first divide the primitive cir- 
cumference into as many equal parts cL, lg, &c. as it ought to 
have teeth ; and afterwards divide each part, such as cl, into 
two other parts, ca, al, one of them equal to the breadth 
which we would give to each tooth, and the other equal to the 
interval proposed to be put between two teeth. The feet ca, 
LQ, &c. of all the teeth being determined upon the primitive 
circumference of the wheel, draw through the extremities of 
these teeth, towards the centre of the wheel, right lines cc, Aa, 
iJ, &c. nearly equal to the breadth ca, lo, of these feet, to 
mark out the straight flanks of the teeth ; and through the ex- 
tremities of each foot, as ca, let there be drawn two equal 
epicycloids cp, ap, whose generating circle aey has the radius 
AB, of the pinion, for its diameter, and both of which have the 
primitive circumference of the wheel for the base. These 
epicycloids, when traced out, will include those parts of the 
teeth which project beyond the primitive circle of the wheel, 
in such manner, that the right line Fr, drawn from the centre 
of the wheel to the point p, of concourse, of the two epicycloids 
of one tooth, will be the greatest true radius which the wheel 
admits, relatively to the spaces given to the teeth, and to the 
intervening vacuities. 

Having divided the primitive circumference of the pinion 
into as many equal parts oh, hs, See. as it ought to have leaves, 
each part, as oh, must again be divided into two other parts oo, 
OH, one equal to the thickness we would give to the leaf, and 
the other to the breadth of the vacuity proposed to be left 
between two leaves ; giving to oh a breadth rather exceeding 
that of a tooth of the wheel, to furnish suitable play to the 
engagement. All the breadths oo, hA, Sec. being thus deter- 
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mined, draw right lines a little longer than the projection pjj>, of 
the teeth of the wheel, beyond their primitive circle, through 
their extremities, towards the centres of the pinion; and these 
lines will serve as flaiiks to the leaves of the pinion, and will 
determine the vacuities in wiiich the teeth of the wheel will act 
with the proper play. Then describe through the extremities 
of the straight sides of each leaf two epicycloids, as om^ om^ 
whose generating circle avf has for diameter the radius of the 
wheel, and both of which have for base the primitive circum- 
ference of the pinion : these epicycloids being traced out, will 
contain between them the parts of the leaves which project 
beyond the primitive circle of the pinion, so that the right line 
mu drawn from the centre of the pinion to the point of concourse 
m of the two epicycloids of the same leaf will be the greatest 
true radius that the pinion will admit of, relatively to the 
thickness of its leaves. The parts of the teeth of both w heel 
and pinion which are left unshaded in the figure may be 
rounded oflF, being never exposed to mutual action upon one 
another. 

The preceding directions may siiflSceto convey a tolerably 
distinct notion of the scientific method of forming teeth of 
wheels to act w ith either pinions or lanterns, when the motion 
is communicated in the Ksanie plane : our next business is to 
speak of the teeth of crown-wheels, when driving either a 
lantern, or another wheel, their axles being in different planes. 
The space assigned to this article compels us to confine our- 
selves to the case of a crown-wheel driving a lantern, whose 
spindles are ranged in the surface of a cone, in which case 
the teeth must be shaped by means of a spherical epicycloid^. 
Here the first thing is to trace out the teeth of a wheel as 
though it had to drive a lantern with spindles infinitely thin, 
observing to leave for the play of the engagement small void 
places betw'een the feet of all the teeth. Then, having made 
a lantern with conical spindles, all the summits of which con- 
verge to the centre c of the spherical zone, (figs. J, % pL 

* Let there be a right cone, the summit of which c remains immoveable J if the 
base of this cone be made to revolve on any plajie Has (%s. I, 2. pi. XXXV.) 
placed at pleasure in respect of the point c, and if we imagine a style or tracer situated 
in the point A of the circumference of the revolving circle, this style A will describe 
during its motion a curve called a is^hurical epicycloid* This curve has not, that we 
are aware of, been treated at large in an English work ; but the curious reader may 
consult the following papers in foreign publications* Jacobi Hermanni de Epicy- 
cloidibus sphoericis. Comment. Acad. Petropol. tom. }. an. 1726* ;— Be la Hire 
Trailedes Epicycloides, et de leurs usages dans les Mwhaniques. Hist. acad. roy. 
Paris. 1730, tom. 9 ; — Probleme sur les Epicydoides spberiques, par 3M. Bernoulli, 
Mem. Acad. Roy. Par. 1732 ; — Des Epicydoides spheriques, par M. Clairaut, Bo. 
an, 1732; — A. J. Luxel, de Epicyeloidibus in superdcie sphserica descriptls. Act* 
Acad. Imp, Petropol. I771h P- 2. p. -49. 
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XXXV.) in winch the epicycloidal teeth have been cut, mark 
on the exterior surface of this zone the diameter which one 
spindle has at the place A, that answers to such surface; and 
mark, likewise, on the interior surface of the same belt, the 
diameter which the same spindle has at the point a where it 
cuts that surface. 

The diameters which the spindles will have in the opposite 
surfaces of the toothed spherical zone, being marked upon these 
surfaces, take upon the same the chords of half the arcs to 
which these diameters answer. These chords, which will not 
be sensibly longer than the radii of a spindle, measured at 
the places where it is cut by the two spherical surfaces of the 
zone, being taken for radii; describe on the exterior and interior 
faces of each tooth as many little arcs as can well be, having 
their centres in the epicycloids, between which fhese faces are 
contained. Then, making curves to touch all these little arcs, 
such as OMy VN, which will necessarily be parallel to the 
epicycloids first traced out, and w^hich wall form the curved 
parts of the new teeth, proper to drive the conical spindle 
already spoken of, make in the rim of the wheel, below the 
primitive circle res, hollows such as vxyz, terminated by the 
planes which pass through the axis of the wheel and the origins 
V, and Y, of the curves parallel to the epicycloids. The curves 
OM and VN, and the straight flanks op and vx, of every new 
tooth, being traced upon the interior and exterior surfaces of 
the spherical zone, let the teeth be cut so that a right line fixed 
by its extremity at the centre c of the dentated zone, being 
carried along the sides pom, xvn, of the exterior surface of 
each tooth, may be applied exactly upon the lateral surfaces of 
these teeth ; then will be had a proper wheel to move the lan- 
tern with conical spindles, for which it has been constructed. 

Though figs. 1, S. exhibit only spherical epicycloids, con- 
taining the exterior faces of the first teeth, proper to move 
infinitely thin spindles, and though to avoid confusion, those 
have been suppressed which ought to contain the interior faces 
of the same teeth ; we have, nevertheless, traced out all the 
curves which must be drawn parallel to these epicycloids in 
order to reform the first teeth, and put them in a state to move 
uniformly, a lantern with conical spindles, the common vertex 
of which is in the axis of the wheel. Also as the small arcs 
of circles which ought to have their centres in the spherical 
epicycloids, and through which it is requisite to draw the curves 
parallel to these epicycloids, might have caused confusion had 
they been traced upon the faces of all the teeth, they have been 
described to form only one exterior side of that tooth which is 
marked h. 
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Cam us'’s dissertation, which occupies mom than 100 pages in 
Lis Course, gives many other useful directions for the forma- 
tion of teeth for different purposes, and exhibits several inge- 
nious rules for the calculation of the relative numbers of the 
teeth in clock-work, and other machinery. As, however, the 
other parts of Camus’s Course contain but little that is im- 
portant and valuable in the present ad vf need state of mathema- 
tical knowledge, we are glad to be able to refer the English 
reader to a translation of that part of his work alone which 
relates to the present subj<^ct, and which has been recently 
published by Mr. Taylor, of the Architectural Library, Hof- 
born. 

The preceding are some of the best methods suggested by 
theory for the formation of the teeth of wheels ; but it is sel- 
dom indeed that any of them are made use of by practical me- 
chanics. Among them various methods are praetised> almost 
every celebrated millwright or engineer having his favourite 
construction ; of these we shall only describe one in this place ; 
and that, being tolerably easy in application, allowing much 
strength to the teeth, while it is pretty free from friction in 
comparison with many practical methods, may sometimes, per- 
haps, be safely adoptm. Let a and b (fig. 11. pL XXXV .) be 
two spur-wheels or different diameters, of which the cogs are 
intended to work into each other half the pitch. The dotted 
circular arcs gh, ef, touching each other between s and d, are 
the centre or pitch lines, from which the teeth are formed. If 
the teeth of both wheels are irmi, as is generally the case in the 
first motions of works, those teeth are then made nearly both 
of a size at the pitch line: but if the teeth of one be wood and 
the other iron, then the iron ones are made to have a good deal 
less pitch than the wooden ones ; for then they are found to 
wmr better. In the figure both are supposed oi iron. Supi>ose 
the wheels to move from g towards h, and from e towards f, 
and that the sides of the teeth at 5, c, and d, a, are in contact. 
From b as a centre with a radius equal to Sp, describe the arcs 
pd, Im; from d as a centre with the same radius the arcs hi^Jg^ 
ch Thus the same opening of the compasses, and a centre 
chosen where the wheels are in contact on the pitch line, will 
mark the contourof the upper part of a tooth of one wheel, and 
the lower part of a corresponding tooth of the other wheel: 
and by taking several centres on the two pitch lines, the various 
teeth may be formed. To prevent the cogs from bottoming, as 
the workmen call it, let the lower part of one tooth be made 
rather longer than the upper part pd of the other which is to 
play into it. The way in which cogs thus constructed will 
work into one another may be understood by considering the 
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nnotion of two of them, n and o for example : when they first 
come into contact they will appear as at the curve xb m ; when 
they arrive at q the same sides will appear as in the dotted lines 
there represented ; and when the same arrive at rs, they are in 
contact on their middle points. 

In bevel work (see fig. 7 . pi. HI.) when this method of form- 
ing the teeth is adopted^the radii gy, of the wheels must not 
be taken as those of the spur-wheel ; but drawing a line through 
y perpendicular to wy^ till it meets xg*, and jtA, produced, the 
segments of that line intercepted between and the produced 
lines xg^ xh^ must be used as the radii of the spur-wheels, and 
the other part of the construction will be as above. The line 
through y drawn perpendicular to xy^ is called by millwrights 
square of the bevel. For more on the subject of bevel geer, 
consult the introductory part of this volume. And for Mr. 
Mauds!ay’’s contrivance for cutting teeth of wheels, see the 
article TURNIN0. 

A very ingenious disquisition on the theory and practice of 
forming teeth and pinions, &c, is given by M, Hachette in his 
Traite des Machines ; h\xt the illustrative plates are too numer- 
ous and too large to be conveniently introduced into this work, 

TELEGRAPH (derived from rijAs mdYpx<pa;)^ is the name 
very properly given to an instrument, by means of which in- 
formation may be almost instantaneously conveyed to a consi- 
derable distance. 

The telegraph, though it has been generally known and used 
by the moderns only for a few years, is by no means a modern 
invention. There is reason to believe that amongst the Greeks 
there was some sort of telegraph in use. The burning of Troy 
was certainly known in Greece very soon after it happened, 
and before any person had returned from thence. Now that 
was altogether so tedious a piece of business, that conjecture 
never could have supplied the place of information. A Greek 
play begins with a scene, in which a watchman descends from 
the top of a tower in Greece, and gives the information that Troy 
was taken, I have been looking out these ten years (says he) 
to see when that would happen, and this night it is done.” Of 
the antiquity of a mode of conveying intelligence quickly to a 
great distance this is certainly a proof. 

The Chinese, when they send couriers on the great canal, or 
when any great man travels there, make signals by fire from one 
day’s journey to another, to have everything prepared; and 
most of the barbarous nations used formerly to give the alarm of 
war by fires lighted on the hills or rising grounds. 

Polybius calls the different instruments used by the ancients 
for communicating information pyrsice^, because the 


TELEGRAPHS, 


■46a; 

signals were always made by means of fire. At first they com- 
municated information of events merely by torches; but this 
method was of little use, because it was necessary beforehand 
to fix the meaning of every particular signal. Now as events 
are exceedingly various, it was imjiossible to express the greater 
number of them by any premeditated contrivance. It was 
easy, for instance, to express by signals that a fleet had arrived 
at such a place, because this had been foreseen, and signals 
accordingly had been agreed upon to denote it ; but an unex- 
pected revolt, a murder, and such accidents, as happen but too 
; often, and require an immediate remedy, could not be com- 
municated by such signals; because to foresee them was im- 
possible. 

A new method was invented by Cleoxenus (others say by 
Democritus), and very mueb improved by Polybius, as he him- 
self informs us. He describes this method as follows : Take the 
letters of the (Greek) alphabet, and divide them into five parts, 
each of which will consist of five letters, except the last divi- 
sion, which wiil have only four. Let these be fixed on a 
board in five columns. The man who is to give the signals is 
then to begin by holding up two torches, which he is to keep 
aloft till the other party has also shown two. This is only to 
show that both sides are ready. These first torches are then 
withdrawn. Both parties are provided with boards, on which 
the letters are disposed as formerly described. The person, 
then, who gives the signal is to hold up torches on the left to 
point out to the other party from what column he shall take the 
tetters as they are pointed out to him. If it is to be from the 
first column, he holds up one torch 5 if from the second, two ; 
and so on for the others. He is then to hold up torches on the 
right, to denote the particular letter of the column that is to be 
taken. All this must have been agreed on beforehand. The 
man who gives the signals must have an instrument (ho7frpay)y 
consisting of two tubes, and so placed as that, by looking 
through one of them, he can see only the right side, and througn 
the other only the left, of him who is to answer. The board 
must be set up near this instrument ; and the station on the right 
and left must be surrounded with avfall ten feet 

broad, and about the height of a man, that the torches raised 
above it may give a clear and strong light, and that when taken 
down they may be completely concealed. Let us now suppose 
that this information is to be communicated— A mmiher of the 
auxiliane^ about a hundred^ have gmie over to the enemy. In the 
first place, words must be chosen that will convey the informa- 
tion in the fewest letters possible ; as, A hundred Cretans have 
deserted^ BKaroy , Having written down 
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this sentence, it is conveyed in this manner. The first letter 
is a K, which is in the second column ; two torches are there- 
fore to be raised on the left hand, to inform the person who 
receives the signals to look into that particular column. Then 
five torches are to beheld upon the right, to mark the letter A;, 
which is the left in the column. Then four torches are to be 
held up on the left to point out the f (/ ), which is in the fourth 
column, and two on the right to show that it is the second letter 
of that column. The other letters are pointed out in the same 
manner, — Such was the pyrsia or telegraph recommended by 
Polybius See Polyb. Lib. x. Ext. 7. cap. 

But neither this nor any other method mentioned by the an- 
cients seems ever to have been brought into general use : nor 
does it appear that the moderns had thought of sucli a machine 
as a telegraph till the year 1663, when the Marquis of Wor- 
cester, in his Century of Inventions, affirmed that he had dis- 
covered a method by which, at a window, as far as eye can 
discover black from white, a man may hold discourse with his 
correspondent, without noise made or notice taken ; being ac- 
cording to occasion given, or means afforded, ex re nata, and 
no need of provision beforehand ; though much better if fore- 
seen, and course taken by mutual consent of parties.*” This 
could be done only by means of a telegraph, which in the next 
sentence is declared to have been rendered so perfect, that by 
means of it the correspondence could be carried on by night 
as well as by day, though as dark as pitch is black.” 

Dr. Hooke, whose genius as a mechanical inventor was per- 
haps never surpassed, delivei^d a Discourse to the Royal 
Society, May SI, 1684, showing a way how to communicate 
one’s mind at great distances.” In this discourse, he asserted the 
possibility of conveying intelligence from one place to another 
at the distance of 30, 40, 100, 120, &c. miles, in as short a 
time almost as a man can write what he would have sent.” He 
takes to his aid the then recent invention of the telescope, and 
explains the method by which characters exposed at one station 
may be rendered plain and distinguishable at the others. He 
directs, First, for the stations ; if they be far distant, it will 
be necessary that they should be high, and lie exposed to the 
sky ; that there be no higher hill, or part of the earth beyond 
them,, that may hinder the distinctness of the characters that 
are to appear dark, the sky beyond them appearing white : by 
which m^ns also the thick and vaporous air near the ground 
will be passed over and avoided.” Next, the height of the sta- 
tions is advantageous, upon the account of the refractions or 
inflections of the air.” Next, in choosing of these stations, 
must be taken, as near as may be, that there be no hill that 
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interposes between them, that is almost high enough to touch 
the visible ray ; because in such cases the refraction of the air 
of that hill will be very apt to disturb the clear appearance of 
the object.’" The next thitig to be considered is, what tele- 
scopes will be necessary for such stations."’ One of these te- 
lescopes must be fixed at each extreme station, and two of them 
in each intermediate ; so that a man for each glass, sitting and 
looking through them, may plainly discover what is done in the 
next adjoining station, and with lisis pen write down on paper 
the characters there exposed in their due order; so that there 
ought to be two persons at each extreme station, and three at 
each intermediate ; so that, at the same time, intelligence may 
I be conveyed forwards and backwards.” Next, there must be 

certain times agreed on, when the correspondents are to ex- 
pect; or else there must be set at the top of the pole, in the 
i morning, the hour appointed by either of the correspondents 

I for acting that day ; if the hour be appointed, pendulum clocks 

f may adjust the moment of expectation and observing.'" ‘'Next, 

there must be a convenient apparatus of characters, w’he:eby 
to comumnicate any thing with great ease, distinctness, and se- 
cresy. And those must be either day characters or night cha- 
racters.” The day characters " may all be made of three slit 
deals the night characters may be made with links, or other 

( lights, disposed in a certain order.” The doctor invented 24 
simple characters, each constituted of right lines, for the letters 
of the alphabet; and several single characters, made up of 
semicircles, for whole sentences, lie recommended that th ree 
very long masts or poles should be placed vertically, and joiued 
. at top by one strong horizontal beam; that a large screen 

\ should be placed at one of the upper corners of this frame, be- 

I hind which all the deal-board characters should hang,and by the 

I help of proper cords should quickly be drawn forwards to be 

; exposed, and then drawn back again behind the screen. '' By 

these means,” says the doctor, '' all things may be made so con- 
venient that the same character may be seen at Paris, within a 
minute after it hath been exposed at London, and the like in 
proportion for greater distances ; and that the characters may 
I be exposed so quick after one another, that a composer shall not 

i much exceed the exposer in swiftness.” Among the uses of 

I this contrivance, the inventor specifies these : '' The first is for 

cities or towns besieged; and the second for ships upon the 
sea; in both which cases it may be piactised with great cer- 
tainty, security, and expedition.” The whole of i)r. Hooke’s 
paper was published in Derham’s collection of his Experimmts 
and Observations ; from which it appears, that he had brought 
the telegraph to a state of far greater maturity and perfection 
TOL.'II. H H 


MACHINES 


mi 

than M. Amontons^ who attempted the same thing about the 
year and indeed to a state little inferior to several which 

have been proposed during the last thirty years. 

It was not, however, till the French revolution, that the tele- 
graph was applied to useful purposes. Whether M. Chappe, 
who is said to have invented the telegraph first used by the 
French about the end of 1793, knew any thing of Hooke’s or 
of Amoaton’s invention, it is impossible to say ; but his tele- 
graph was constructed on principles nearly similar. The man- 
ner of using this telegraph was as follows : at the first station, 
which was on the roof of the palace of the Louvre at Paris, M, 
Chappe, the inventor, received in writing, from the committee 
of public welfare, the words to be sent to Lisle, near which 
the French army at that time was. An upright post was erected 
on the Louvre, at the top of which were two transverse arms, 
moveable in all directions by a single piece of mechanism, and 
with inconceivable rapidity/ He invented a number of positions 
for these arms, which stood as signs for the letters of the al- 
phabet ; and these, for the greater celerity and simplicity, he 
reduced in number as much as possible. The grammarian will 
easily conceive that sixteen signs may amply supply all the 
letters of the alphabet, since some letters may be omitted, not 
only without detriment, but with advantage. These signs, as 
they were arbitrary, could be changed every week ; so that the 
sign of B for one day might be the sign of m the next; and it 
was only necessary that the persons at the extremities should 
know the key. The intermediate operators were only instructed 
generally in these sixteen signals ; which were so distinct, so 
marked, so different the one from the other, that they were 
easily remembered. The construction of the machine was such 
that each signal was uniformly given in precisely the same man- 
ner at all times: it did not depend on the operator’s manual 
skill ; arid the position of the arm could never, for any one 
signal, be a degree higher or a degree lower, its movement being 
regulated medianically. 

M. Chappe having received at the Louvre the sentence to be 
conveyed, gave a known signal to the second station, which was 
Mont Martre, to prepare. At each station there was a watch- 
tower, where telescopes were fixed, and the person on watch 
gave the signal of preparation whiclx he had received, and this 
Communicated successively through all the line, which brought 
them all into a state of readiness. The pei'son at Mont Martre 
then received, letter by letter, the sentence from the Louvre, 
which he repeat^ witn his own machine : and this was again 
repeated from the next height, with inconceivable I'apidity, to 
the final station at Lisle. 
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The first descriplioB of the telegraph was brought from Paris 
to Frankfort on the Maine bv a former member of the parlia- 
ment of Bourdeaux, who had seen that which w^as erected on the 
mountain of Belville. As given by Dr. Hutton from some of the 
English papers, It is as follows, aa is a beam or mast of wood 
placed upright on a rising ground (fig. 1. pi. XXXIIL), which 
is about fifteen or sixteen feet high, bb is a beam or balance 
moving upon the centre a a. This balance-beam may be placed 
vertically or horizontally, or - any how inclined, by means of 
strong cords, which are fixed to the wheel n, on the edge of 
which is a double groove to receive the two cords. This ba- 
lance is about eleven or twelve feet long, and nine inches broad, 
having at the ends two pieces of wood cc, w^hich likewise turn 
upon angles by means of four other cords that pass through the 
axis of tlie main balance, otherwise the balance would derange 
the cords ; the pieces c are each about three feet long, and may 
be placed either to the right or left, straight or square, with 
the balance-beam. By means of these three the combination of 
movement is very extensive, remarkably simple, and easy to 
perform. Below is a small wooden gouge or hut, in which 
a person is employed to observe the movements of the ma- 
chine. In the mountain nearest to this, another person is to 
lepeat these movements, and a third to write them down. The 
time taken up for each movement is twenty seconds; of which 
the motion alone is four seconds, the other 16 the machine is 
stationary. Two working models of this instrument were exe- 
cuted at Frankfort, and sent by Mr. W. Playfair to the Duke 
of York : and hence the plan and alphabet of the machine came 
to England. 

Various experiments were in consequence tried upon tele- 
graphs in this country; and one was soon after set up by go- 
vernment in a chain of stations from the Admiralty-Office to the 
sea-coast. It consisted of six octagon boards, each of which is 
poised upon an axis in a frame, in such a manner that it could be 
either placed vertically, so as to appear with its full size to the 
observer at the nearest station, as in fig. 2. or to become invi- 
sible to him by being placed horizontally, as in fig. S. so that 
the narrow edge alone was exposed, which narrow edge is from 
a distance invisible. Fig. S. is a representation of this tele- 
graph, with the parts all shut, and the machine ready to work. 
T, in the officers cabin, is the telescope pointed to the next sta- 
tion. Fig. 3. is a representation of the machine not at work, 
and with the ports all open. The opening of the first port (%. 
2.) expresses the second &, the third c, the fourth d, the fifth 
f, and the sixth &c. 

Six boards make 36 changes, by the most plain and simple 
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mode of working ; and they will make many more if more were 
necessary ; but as the real superiority of the telegraph over all 
other modes of making signals consists in its making letters, we 
do not think that more changes than the letters of the alphabet, 
and the ten arithmetical ciphers, are necessary ; but, on the 
contrary, that those who work the telegraphs should avoid 
communicating by words or signs agreed upon to express sen- 
tences ; for that is the sure method never to become expert at 
sending unexpected intelligence accurately. 

Several other telegraphs have been proposed, to remedy the 
defects to which the instrument is still liable. The dial-plate of 
a clock would make an excellent telegraph, as it might exhibit 
1 44 signs so as to be visible at a great distance. A telegraph 
on this principle, with only six divisions instead of twelve, would 
be simple and cheap, and might be raised 20 or 30 feet high 
above the building without any difiiculty : it might be supported 
on one post, and therefore turn round, and the contrast of co- 
lours would always be the same. 

A very ingenious improvement of the telegraph has been 
proposed in the Gentleman’s Magazine. It consists of a semi- 
circle, to be properly elevated, and fixed perpendicularly on a 
strongstand. The radius \ 2 feet ; the semicircle consequently 
somewhat more than 3n. This is to be divided into 24 parts. 
Each of these will therefore comprise a space of 18 inches, and 
an arch of £0' on the circumference. These 24 divisions to 
be occupied by as many circular apertures of six inches dia- 
meter ; which will leave a clear space of six inches on each side 
between the apertures. These apertures, beginning from the 
left, to denote the letters of the alphabet, omitting k, j con- 
sonanr, v, x, and a, as useless for this purpose. There are 
then 21 letters. The four other spaces are reserved for signals. 
The instrument to have an index moveable by a windlass on the 
centre of the semicircle, and having two tops, according as it 
is to be used in the day or night ; one, a circular top, of lac- 
quered iron or copper, of equal diameter with the apertures 
(and which consequently will eclipse any of them against which 
it rests) ; the other, a spear or arrow-shaped top, black, and 
highly polished, which in standing before any of the apertures 
in the day-time will be distinctly visible. In the night, the 
apertures to be reduced by a diaphragm fitting close to each, so 
as to leave an aperture of not more than two inches’ diameter. 
The diaphragm to be of well-polished tin ; the inner rim lac- 
quered black half an inch. All the apertures to be illuminated, 
when the instrument is used in the night-time, by small lamps; 
to which, if necessary, according to circumstances, convex 
lenses may be added, fitted into each diaphragm, by which the 
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light maybe powerfuliy concentrated and iucreased Over each 

( aperture one of the five prismatic colours least likely to be mis- 
taken (the remaining two being less distinguishafale, and not 
wanted, are best omitted) to be painted ; and, in their natural 
order, on a width of eighteen inches and a depth of four, red, 
orange, yellow, green, blue; or, still to heighten the contrast, 
and render immediately successive apertures more distinguish- 
able, red, green, orange, blue, yellow. The whole inner circle 
' beneath and between the apertures to be painted black. 

When the instrument is to be used, the index to be set to the 
signal apertures on the right. All the apertures to be covered 
or dark when it begins to be used, except that which is to give 
the signal. A signal gun to be fired to apprise the observer. If 
the index is set to the first aperture, it will denote that words 
are to be expressed ; if to the second, that figures ; if to the 
third, that the figures cease ; and that the intelligence is carried 
on in words. When figures are to be expressed, the alternate 
apertures from the left are taken in their order, to denote from 
I 1 to 10 inclusively ; the second from the right denotes 100; the 

fifth 1000. This order, and these intervals, are taken to pre- 
vent any confusion in so peculiarly important an article of the 
in telligence to be conveyed. 

Perhaps, however, few of the telegraphs hitherto offered to 

i the public exceed the following, either in simplicity, cheapness, 
or facility in working ; and it might, perhaps, with a few trifling 
additions, be made exceedingly aistinct. It is thus described in 
the liepertor^ qf Arts and Maniifactures : For a nocturnal te- 
I legrapn, let there be four large patent reflectors, lying on the 

same plane, parallel to the horizon, placed on the top of an ob- 
I servatory. Let each of these reflectors be capable, by means 

( of two winches, either of elevation or depression to a certain 
degree. By elevating or depressing one or two of the reflectors, 
ei Ateen very distinct arrangements may be produced, as the 
folowing scheme will explain. 
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For the s^ike of example, the above arrangements are made 
to answet to the most necessary letters of the alphal)et ; but al- 
terations may be made at will, and a greater number of changes 
produced, without any addition to the reflectors. In the first 
observatory there need only be a set of single reflectors ; but 
in the others each reflector should be double, so as to face 
both the preceding and subsequent observatory ; and each ob- 
servatory should be furnished with two telescopes. The proper 
diiatoeter of the reflectors, and their distance from each other, 
will be ascertained by experience ; and it must be observed, 
that each reflector, after every arrangement, must be restored 
to its place. 

To convert this machine into a diurnal telegraph, nothing 
more is necessary than to insert, in the place of the reflectors, 
gilt balls, or any other conspicuous bodies. 

Since these inventions were made public, telegraphs have 
been brought to so great a degree of perfection, that they now 
convey information speedily and distinctly, and are so much 
simplified, that they can be constructed and maintained at little 
expense. The advantages, too, which result from their use are 
almost inconceivable. Not to speak of the speed with which 
information is communicated and orders given in time of war, 
by means of them, the whole kingdom could be prepared in an 
instant to oppose an invading enemy. A telegraph might be 
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also used by coiiioiereial men to coiivey.a commissioiij cheaper 
and speedier than an express can travel An establishment of 
telegraphs migljt be made like that of the post ; and instead of 
being an expense, it would produce a revenue. Something of 
this kind was about twenty ^-ears ago set up to facilitate the 
intercourse between Norwich and "iarmouth; and a new and 
extensive plan of the same kind is now (October 18£o) in 
agitation. 

THERMOMET ER,an instrument for ascertaining the tem- 
perature, that is, for measiiring tlie degree of heat or cold in any 
body. The thermometer was invented about the beginning of 
the loth century; but, like many other useful inventions, it has 
been found impossible to ascertain to wbom the honour of it 
belongs. 

The first form of this instrument for measuring the degrees 
of heat and cold was the air-thermometer. It is a well-known 
fact that air expands with heat so as to occupy more space 
than it does when cold, and that it is condensed by cold so as to 
occupy less space than when w^armed, and that this expansion 
and condensation is greater or less according to the degree 
of heat or cold applied. The principle, then, on which the 
air-thermometer was constructed is very simple. The air was 
confined in a tube by means of some coloured liquor; the 
liquor I’ose or fell according as the air became expanded or con- 
densed. 

This instrument was extremely defective : for the air in the 
tube was not only affected by the heat and cold of the atmo- 
sphere, but also by its weight. 

The air being found improper for measuring with accuracy 
the variations of heat and cold according to the form of the ther- 
mometer which w^as first adopted, another fluid w’^as proposed 
about the middle of the ITth century by the Florentine academy. 
This fluid was spirit of wine, or alcohol, as it is now generally 
named. The alcohol being coloured, was inclosed in a very fine 
cylindrical glass tube previously exhausted of its air, having a 
hollow ball at the lower end, and hermetically sealed at the 
other end. The ball and tube are filled with rectified spirit of 
wine to a convenient height, when the weather is of a mean tem- 
perature, which may be done by inverting the tube into a ves- 
sel of stagnant coloured spirit, undera receiver of the air-pump, 
or in any other way. When the thermometer is properly filieu, 
the upper end is heated red-hotby alamp, and then hermetically 
sealed, leaving the included air of aboiit4- of its natural density, 
to prevent the air wdiich is in the spirit from dividing it in its ex- 
pansion, To the tube is applied a scale, divided from the mid- 
dle into 100 equal parts, upwards and downwards. 
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As spirit of wine is eapable of a very considerable degree of 
rarefaction and condinsation by heat and cold^ when the heat 
of the atmosphere increases the spirit dilates, and consequently 
rises in the tube ; and when the heat decreavscs the spirit de- 
scends, and the degree or quantity of the motion is shown by a 
scale. 

The spirit of wine thermometer was not subject to some 
of the inconveniences whicli attended the air-thermometer. 
In particular, it was not affected by variations in the weight 
of the atmosphere : accordingly it soon came into general 
use among philosophers. It was, at an early period, intro- 
duced into Britain by Mr. Boyle. To this instrument, as 
then used, there are, however, many objections. The liquor 
was of different degrees of strength ; and therefore differ- 
ent tubes filled with it, when exposed to the same degree 
of heat, would not correspond. There w^as also another de- 
fect ; the scale which was adjusted to the thermometer did 
not commence at any fixed point. The highest term Avas ad- 
justed to the great sun-shine heats of Florence, wliich are 
too variable and undetermined; and frequently the workman 
formed the scale according to his own fancy. While the 
thermometer laboured under such disadvantages it could not be 
of general use. 

To obtain some fixed unalterable point by which a deter- 
mined scale might be discovered, to which all thermometers 
might be accurately adjusted, was the subject which next drew 
the attention of philosophers. Mr. Boyle, who seems at an 
early period to have studied this subject with much anxiety, pro- 
posed the freezing of the essential oil of aniseeds as a conve- 
nient point for graduating thermometers ; but this opinion he 
soon laid aside. Dr. Halley next proposed that thermometers 
should be graduated^ in a deep pit under ground, where the 
temperature both in winter and summer is pretty uniform ; and 
that the point to which the spirit of wine should rise in such a 
subterraneous place should be the point from which the scale 
should commence. But this proposal was evidently attended 
with such inconveniences, that it was soon abandoned. He 
made experiments on the boiling point of water, of mercury, 
and of spirit of wine ; and he seems rather to give a preference 
to the spirit of wine. He objected to the freezing of water as 
a fixed point, because he thought that it admitted considerable 
latitude. 

It seems to have been reserved to the genius of Newton to 
determine this important point, on which the accuracy and va- 
lue of the thermometer depends. He chose, as fixed, those 
points at which water freezes and boils ; the very points which 
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the experiments of succeeding philosf>{>bers have determined to 
be the most fixed and convenient. Sensible of the disadvan- 
tages of spirit of wine, he tried another liquor which was 
homogeneous enough, capable of a considerable rarefaction, 
about 1 5 times greater than spirit of wine. This W’as linseed oil. 
It has not been observed to freeze even in very great colds, and 
it bears a beat about four tfmes that of water bHeioreit boils. With 
these advantages it was made use of by Newton, who discovered 

I by it the comparative degree of heat for boiling water, melting 
wax, boiling spirit of wine, and melting tin ; beyond which it 
docs not appear that this thermometer %vas applied. The me- 
thod he used for adjusting the scale of this oil-thermometer was 
asroliow-s: Supposing tne bulb, when immerged in thawing 
snow, to contain 10,000 parts, he found the oil expand by the 
heat of the human body so as to take up -^-th more space, or 
10,256 such parts; and by the heat of water boiling strongly 
1 0,725 ; and by the heat of melting tin 1 1 ,5 1 6. So that reckon- 
ing the freezing point as a common limit between heat and 
cold, h^ began his scale there, marking it 0, and the heat of 
the human body he made 12^ ; and consequently, the degrees 
of the heat being proportional to the degrees of rarefaction, or 
256 : 725 : : 12 : 34, this number S4 will express the heat of 
boiling water ; and by the same rule, 72 that of melting tin. 

I This thermometer w*as constructed in 1701. 

To the application of common oil as a measure of heat and 
cold there are strong objections. 1 1 is so viscid, that it adheres 
too strongly to the sides of the tube. On this account it ascends 
and descends too slowly in case of a sudden heat or cold. In a 
I sudden cold, so great a proportion remains adhering to the 

I sides of the tube after the rest has subsided, that the surface 

I appears lower than the corresponding temperature of the air 

I requires. An oil thermometer is therefore not a proper mea- 

I sore of heat and cold. 

All the thermometers hitherto proposed were liable to many 
inconveniences, and could not be considered as exact standards 
I for pointing out the various degrees of temperature. This led 

I Reaumur to attempt a new one, an account of \vhich was 

I published, in the year 1730, in the Memoirs of the Academy of 

: Sciences. This thermometer was made with spirit of wine. 

; He took a large ball and tube, the dimensions and capacities 

of which were knowm : he tlien graduated the tube, so that the 
space from one division to another might contain 1 000th part 
of the liquor ; the liquor containing 1000 parts when it stood 
at the freezing point. He adjusted the thermometer to the 
freezing point by an artificial congelation of water ; then jput-* 
ting the ball of his thermometer and part of the tube into 
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boiling water, he observed whether it rose 80 divisions: if it 
exceeded these, he changed his liquor, and by adding water 
lowered it, till upon trial it should just rise 80 divisions; or 
if the liquor, being too low, fell short of 80 divisions, he raised 
it by adding rectified spirit to it. The liquor thus prepared 
suited his purpose, and served for making a thermometer of 
any size whose scale would agree with his standard. 

This thermometer was far trom being perfect. As the bulbs 
were three or four inches in diameter, the surrounding ice 
would be melted before its temperature could be propagated 
to the whole spirits in the bulb> and consequently the freezing 
point would be marked higher than it should be. Dr. Marline 
accordingly found, that instead of coinciding with the 3£d de- 
gree of Fahrenheit, it corresponded with the 34th, or a point a 
little above it. Eeaumur committed a mistake also respecting 
the boiling point ; for he thought that the spirit of wine, whether 
weak or strong, when immerged in boiling water, received the 
same degree of heat with the boiling water. But it is well 
known that highly rectified spirit of wine cannot be heated 
much beyond the n^5tli degree of Fahrenheit, while boiling 
water raises the quicksilver S7 degrees higher. There is an- 
other thermometer that goes by the name of Remmur''$^ which 
shall be afterwards described. 

At length a different fluid was proposed, by which thermo- 
meters could be made free from most of the defects hitherto 
mentioned. This fluid was mercury, and seems first to have 
occurred to Dr. Halley in the last century ; but was not adopted 
by him, on account of its having a smaller degree of expansi- 
bility than the other fluids used at that time. Boerhaave says 
that the mercurial thermometer was first constructed by Olaus 
Roemer; but the honour of this invention is generally given 
to Fahrenheit of Amsterdam, who presented an account of it 
to the Royal Society of London in 17£4 

Mercury is far superior to alcohol and oil, and is much more 
manageable than air. 1. As far as the experiments already 
made can determine, it is of all the fluids hitherto employed 
in the construction of thermometers that which measures most 
exactly equal differences of heat by equal differences of its bulk: 
its dilatations are in fact very nearly proportional to the aug- 
mentations of heat applied to it. 2. Of all liquids it is the 
most easily freed from air. S. It is fitted to measure high de- 
grees of heat and cold. It sustains a heat of 600^ of Fahren- 
heit’s scale, and does not congeal till it falls S9 or 40 degrees 
below 0. 4. It is the most sensible of any fluid to heat and cold, 
even air not excepted. Count Rumford found that mercury 
was heated from the fteezing to the boiling point in 58 seconds, 
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while water took two nniiutes seconds^^ aod comHion air 10 
minutes and 17 seconds. 5. Mercury is a homogeneous fluids 
and every portion of it is equally dilated or contracted by equal 
variations of heat. Any one thermometer made of pure mer- 
cury is, ca teris parlhus^ possessed of the same properties with 
every other thermometer made of pure mercury. Its power of 
expansion is indeed about six times less than that of spirit of 
wine, but it is great enough to answer most of the purposes for 
whicii a thermometer is wanted* 

The fixed points which are now universally chosen for ad- 
justing thermonieters to a scale, and to one another, are the 
boiling and freezing water points. The boiling water point, it 
is well known, is not an invariable point, but varies some degrees 
according to the weight and temperature of the atmosphere. 
In an exhausted receiver, water will boil with a heat of 98^ or 
100" ; whereas in Papin’s digester it will acquire a heat of 412". 
Hence it appears that w^aterwill boil at a lower point, according 
to its height in the atmosphere, or to the weight of the column 
of air which presses upon it. In order to ensure uniformity 
therefore, in the construction of thermometers, it is now agreed 
that the bulb of the tube be plunged in the water when it boils 
violently, the barometer standing at 30 English inches (which 
is its mean height round London), and the temperature of the 
atmosphere 55". A thermometer made in this way, with its 
boiling point at 212", is called by Dr. Horsley Bird's Fahrefi-- 
heity because Mr. Bird was the first person who attended to 
the state of the barometer in constructing thermometers* 

As artists may be often obliged to adjust thermometers under 
very different pressures of the atmosphere, philosophers have 
been at pains to discover a general rule which might be applied 
on all occasions. M.de Luc, in his Beeherches mtrles Mod.de 
r Atmosphere^ has given, from a series of experiments, an equa- 
tion for the allowance on account of this difference, in Paris 
measure, which has been verified by Sir George Shuckburgh; 
also Dr. Horsley, Dr. Maskelyne, and Sir George Shuckburgh^ 
have adapted the equation and rules to English measure, and 
have reduced tlie allowances into tables for the use of the artist. 
Dr. Horsley’s rule, deduced from De Luc’s, is this : 

— — log. z — > 92 ’804 Hi 

where /r denotes the height of a thermometer plunged in boil- 
ing water, above the point of melting ice, in degrees of Bird’s 
Fahrenheit, and z the height of the barometer in iOths of an 
inch. From this rule he has computed the following table for 
finding the heights to which a good Bird’s Fahrenheit will lise 
when plunged in boiling water, in all states of the barometer, 
from 27 to 3i English inches; which will serve, among other 
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Correct, accord. 


Barometer 


E<3uation. 

+ 1*57 
+ 0*TO 
0-00 
- 0*80 


Difference 


The numbers in the first column of this table express heights 
of the quicksilver in the barometer in English inches and 
decimal parts : the second column shows the equation to be 
applied, according to the sign prefixed, to of Bird’s 
Fahrenheit, to find the true boiling point for every such state 
of the barometer. The boiling point for all intermediate states 
of the barometer may be had with sufficient accuracy, by 
taking proportional parts, by means of the third column of 
differences of the equation. See Phil. Trans. Ixiv. art. £0. ; 
also Dr. Maskelyne's Paper, vol. Ixiv. art. ^0. 

Sir George ShucLburgh also has given the following general 
table for the use of artists in constructing the thermometer, both 
according to his own observations and those of M. de. Luc. 


Heiaht of the Correct, of the 


Difference, 


Difference 


Barometer, boiling point. 


to M. de Luc. 


- 7-09 

- 6*18 

- 4 B7 

- B'48 

- 2*59 
1*72 
0-85 
0*00 

+ 085 
+ 1*69 


- 6*83 

- 5*93 

- 5*04 

- 4*16 
3*31 

- 2*45 

- 1*62 
- 0*80 

0*00 
+ 0*79 
4 - 1-57 


uses, to direct instrument-makers in making a true allowance 
for the effect of the vaiiatidn of the barometer, if they should 
beobliged to finish a thermometer at a time when the barometer 
is above or below 30 inches ; though it is best to fix the boiling 
point when the barometer is at that height. 

Equation of the Boiling Point. 
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The Royal Society, fully apprised of the importaitce of ad- 
jiistnig the fixed points of thermometers, appointed a committee 
of seven gentlemen to consider of the best method for this 
purpose; and their report is published in the Phil Trans* vol. 
Ixvii. part il art 37- 

They observed, that though the boiling point be placal 
much higher on some of the thermometers now made than on 
others, yet this does not produce any considerable error in the 
observations of the weather, at least in this climate; for an 
error of 1?-® in the position of the boiling point will muke an 
error only of half a degree in the position of and of not 

more than a quarter oFa degree in the point of It is only 
in nice experiments, or in trying the heat of hot liquors, that 
this error in the boiling point can be of much Importance. 

In adjusting the freezing as well as the boiling point, the 
quicksilver in the tube ought to be kept of the same heat as that 
in the ball. W hen the freezing point is placed at a considerable 
distance from the ball, the pounded ice should be piled to such 
a height above the ball, that the error which can arise from the 
quicksilver in the remaining part of the tube, not being heated 
equally with that in the ball, shall be very small, or the observed 
point must be corrected on that account according to the fol- 
lowing table: 


Heat of the Air. 

„ ^ 1 IN 

Correction. 

4 , 2 ^ 

•00087 

52. 

-00174 

62 

•00261 

72 

*00348 

82 

*00435 


^ The correction in this table is expressed in 1000th parts of the 

distance between the freezing point and the surface of the ice : 
e. g, if the freezing point stands seven inches above the surface 
of the ice, and the heat of the room is 62, the point of 32^ should 
be placed 7 x *00261, or *018 of an Inch lower than the ob- 
served point A diagonal scale willfacilitate this correction. 

The committee observe, that in trying the heat of liquors, 
care should be taken that the quicksilver in the tube of the 
thermometer be heated to the same degree as that in the ball ; 
or if this cannot be done conveniently, the observed heat should 

I be corrected on that account; for the manner of doing which, 

and a table calculated for this purpose, we must refer to their 
excellent report in Phil Trans, vol. Ixvii part ii. art. 37- 
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With regard to the choice of tubes, they ought to be exactly 
cylindrical. But though the diameter should vary a little, it 
is easy to manage that matter in the manner proposed by the 
Abbe Nollet, by making a small portion of the quicksilver, e.g. 
as much us fills up an inch or half an inch, slide backward and 
forward in the tube; and thus to find the proportions of all its 
inequalities, and from thence to adjust the divisions to a scale of 
the most perfect equality. The capillary tubes are preferable 
to others, because they require smaller bulbs^ and they are also 
more sensible, and less brittle. The most convenient she for 
common experiments has the internal diameter about the 40th 
or SOth of an inch| about 9 inches long, and made of thin glass, 
that the rise and fall of the mercury may be better seen. 

It is commonly observed of thermometers, that upon equal 
augmentations and diminutions of heat they seldom vary 
equally, though they are filled with the same liquor. To ac- 
count for this circumstance it should be recollected, that the 
variation of a thermometer is directly as tlie capacity of the 
ball, and inversely as the base of the stem. Thus, if there be 
two mercurial thermometers, for example, and we call the capa- 
cities of the balls G and c, and the bases of the stems b and 
the variations will be as c to c directly, and as b to & inverselj^ 

or as to ~. Consequently the variations will not be equal 
in those thermometers unless rr and this cannot be the 

case unless c : c : : b : 6 ; therefore, to render the variations in 
the two thermometers equal, the capacities of their balls must 
be to each other as the bases of their cylindrical stems. See, 
on this subject, M. Durand’s formula, given under the article 
Thermom ETE ii, in the Pantologia, 

The next thing to be considered |is of what number of de- 
grees or divisions the scale ought to consist, and from what point 
itought to commence. As the number ofthe divisions of the 
scale is an arbitrary matter, the scales which have been em* 
ployed differ much from one another in this circumstance. 
Fahrenheit has made 180 degrees between the freezing and 
boiling water point. Amontons made 73, and Sir Isaac New- 
ton only 34. There is, however, one general maxim, which 
ought to be observed : 77iat such an arithmetical number 
sJmuid be chosen as can easily be divided and subdivided^ and 
that the number of divisions skoidd be so great that there shall 
seldom be occasion for fractions. The number 80 chosen by 
Reaumur answers extremely w^ell in this respect, because it can 
be divided by several figures without leaving a remainder; but 
it is too small a number : the consequence of which is, that the. 
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degrees are placed at too great a distance 'from one another, 
and fractions must therefore be often 'employed. We think, 
thereforcj that 160 would have been a more convenient iiumter. 
Falireiiheifs number, 180, is large enough ; but when divided 
its quotient soon becomes an odd number.- .. 

As to the poiiit at which the scale ought to commence, 
various opinions have been entertained. If we knew the be- 
ginning or lowest degree of heat, all philosophers would agree 
that the lowest point of the thermometer ought to be fixed 
there; but we know neither the lowest nor the highest degrees 
of heat, we observe only the intermediate parts. Ail that we 
can do, then, is to begin it at some invariable point, to which 
thermometers made in difierent places may easily be adjusted. 
If possible, too, it ought to be a point at which a natural well- 
known body receives some remarkable change from the efiects 
of heat or cold. Fahrenheit began his seme at the point at 
which snow and salt congeal. Kirwan proposes the freezing 
point of mercury. Sir Isaac Newton, Hales, and Eeaumur, 
adopted the freezing point of water. The objection to Fahren- 
lieids lowest point is, that it commences at an artificial cold 
seldom known in nature, and to wliicli we cannot refer our 
feelings, for it is what few can ever experience. There would 
be several great advantages gained, we allow, by adopting the 
freezing point of mercury. It is the lowest degree of cold to 
which mercury can be applied as a measure ; and it would 
render unnecessary the use of the signs plus and minus, and the 
extension of the scale below 0. But we object to it, that it is 
not a point well known ; for few, comparatively speaking, who 
use thermometers, can have an opportunity of seeing mercury 
congealed. As to the other advantage to be gained by adopting 
the freezing point of mercury, namel}', the abolition of negative 
numbers, we do not think it would counterbalance the ad vantage 
to be enjoyed by using a well-known point. Besides, it may 
be asked, Is there not a propriety in using negative numbers to 
express the degree of cold, w Inch is a negative thing ? Heat and 
cold we can only judge of by our feelings: the point then at 
which the scale should commence ought to be a point which 
can form to us a standard of heat and cold ; a point iamiliar to 
us from being one of the most remarkable that occurs in nature, 
and therefore a point to which we can with most clearness and 
precision refer in our minds on ail occasions. This is the 
freezing point of water chosen by Sir Isaac Newton, which of 
all the general changes produced in nature by cold is the most 
remarkable. It, or rather the melting point of ice, which does 
not vary with cliange of atmospheric pressure, is therefore the 
most convenient point for the thermometers to be used in the 
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temperate and frigid zones, dr we may say over the globe, for 
even in the hottest countries of the torrid zone many of the 
mountains are perpetually covered with snow. 

Having now explained the principles of the thermometer as 
fully as appears necessary in order to make it properly undei'- 
stood, we will here subjoin an account of those thermometers 
which are at present in most general use. These are Fahren- 
heit’s, De 1’ Isle’s, Reaumur’s, and Celsius’s. Fahrenheit’s is 
used in Britain, De ITsle’s in Russia, Reaumur’s in France, 
and Celsius’s in Sweden. They are all mercurial thermometers. 

Fahrenheit’s thermometer consists of a slender cylindrical 
tube and a small longitudinal bulb. To the side of the tube 
is annexed a scale which Fahrenheit divided into 600 parts, 
beginning with that of the severe cold which he had observed 
in Iceland in 1709, or that produced by surrounding the bulb 
of the thermometer with a mixture of snow or beaten ice 
and sal ammoniac or sea salt. This he apprehended to be the 
greatest degree of cold, and accordingly he marked it, as the 
beginning of his scale, with 0 ; the point at which mercuiy be- 
gins to boil he conceived to show the greatest degree of heat, 
and this he made the limit of his scale. The distance between 
these two points he divided into 600 et^l parts or degrees; 
and by trials, he found that the mercury stood at of these 
divisions; when water just begins to freeze, or snow or ice just 
begin to thaw; it was therefore called the degree of the freez- 
ing point. When the tube was immersed in boiling water, the 
mercury rose to £12, which therefore is the boiling point, and 
is just 180 degrees above the former or freezing point. But the 
present method of making the scale of these thermometers, 
which is the sort in most common use, is first to immerge the 
bulb of the thermometer in ice or snow just beginning to thaw, 
and mark the place where the mercury stands, with 32 ; then 
immerge it in boiling water, and again mark the place where 
the mercury stands in the tube, with the num. 212, exceeding 
the former by 180; dividing therefore the intermediate space 
into 180 equal parts, will give the scale of the thermometer; 
which may afterwards be continued upwards and downwards 
at pleasure. 

Other thermometers of a similar construction have been 
accommodated to common use, having but a portion of the 
above scale. They have been made of a small size and porta- 
ble form, and adapted with appendages to particular purposes ; 
and the tube with its annexed scale has often been enclosed in 
another thicker glass tube, also hermetically sealed, to preserve 
the thermometer from injury. And all these are called FaJirm- 
keifs thermometers^ 
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In i7S3j M. De,l’Meof .Petersbnrgh consirticled a mercu- 
rial thermometer on the principles of Heaninnr’'s spirit thermo- 
meter. In his thermometer, the whole bulk of quicksilver, 
when immerged in boiling water, is conceived to be divided into 
100,000 parts ; and from this one fixed point the various de- 
grees of heat, either above or below it, are marked in th^ 
parts on the tube or scale, by the various expansion or contrac- 
tion of the quicksilver, in all imaginable varieties of heat.-- ~Dr. 
Martine apprehends it would have been better if De Plsle had 
made the integer 100,000 parts, or fixed point, at freezing wa- 
ter, and from mence computed the dilatations or condensations 
of the quicksilver in those parts; as all the common observa- 
tions of the weather, &c. would liave been expressed by num- 
bers increasing as the heat increased, instead of decreasing, or 
counting the contrary way. However, in practice it will not 
be very easy to determine exactly all thedivisions from the alter- 
ation of the bulk of the contained fluid. And besides, as glass 
itself is dilated by heat, though in a less proportion than quick-^ 
silver, it is only the excess of the dilatation of the contained 
fluid above that of the glass that is observed; and therefore if 
different kinds of glass be differently affected by a given degree 
of heat, this will make a seeming diference in the dilatations of 
the quicksilver in the thermometers constructed in the New- 
tonian method, either by Reaumur’s rule or De Flsle’s. Accord- 
ingly it has been found, that the quicksilver in De risle'^s 
thermometers has stood at different degrees of the scale when 
immerged in thawing snow : having stood in some at 154^, 
while in others it has been at 156*^ or even 158^. 

The thermometer at present used in France is called Reau- 
mur's j but it is very different from^the one originally invented 
by Reaumur in 1780, and described in the Memoirs of the 
Academy of Sciences. The one invented by Heanmur w as 
filled with spirit of wine ; and though its scale was divided by 
the author into 80 parts, of which 0 was the freezing point, and 
80 the boiling water point, yet in fact 80 was only the boiling 
point of the spirit of wine that he employed, which, as Dr. 
Martine computes, corresponded with 180 of Fahrenheit. But 
the thermometer now in use in France is filled with mercury ; 
and the boiling water point, which is at 80, corresponds with 
the £12th degree of Fahrenheit, The scale indeed commences 
at the freezing point, as the old one did. The new thermo- 
meter ought more properly to be called De Luc's thermometer^ 
for it was first made by De Luc ; and is in fact as different 
from Reaumur’s as it is from Sir Isaac Newton’s. When De 
Luc had fixed the scale, and finished an account of it, be showed 
the manuscript to M. De la Condamine. Condan^ine advised 
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him to change the number 80 ; remarking, that such was the 
inattention of philosophers, that they would probably confound 
it with Eeaumur’s. De Luc’s modesty, as well as a predilection 
for the number 80, founded, as he thought, on philosophical 
reasons, made him decline following this advice. But he found 
by experience that the prediction of Condamine was too well 
founded. 

The thermometer of Celsius, which is used in Sweden, has a 
scale of 100 degrees from the freezing to the boiling water point. 
This is, in fact, the centigrade thermometer. 

. These are the prindipm thermometers now used in Europe ; 
and the temperatures indicated by any of them may be reduced 
into the corresponding degrees on any of the others by means 
of the following simple theorems ; in which E signiiSes the de- 
grees on the scale of Reaumur, f those of Fahrenheit, and s 
those of the Swedish thermometer. 

1 . To convert the degrees of Reaumur into those of Fahrenheit; 


ax9 


+82 = F. 


2. ToconvertthedegreesofFahrenheitinto those of Reaumur ; 

■■ :■■■ . . 'I'*;,,";"/':' 

8. To convert the Swedish degrees into those of Fahrenheit ; 
-^ 1 + 82 =:F. 

4. To convert Fahrenheit’s into Swedish ; — 

5. To convert Swedish degrees into those of Reaumur ; 

sx4 ' 


sx9 




RX 5 _ 

■-4 


6. To convert Reaumur’s degrees into Swedish 

To such readers as are unacquainted with the algebraic 
expression of arithmetical formulae, it will be sufficient to ex- 
press one or two of th^e in words to explain their use.— 1. 
Multiply the degree of Reaumur by 9, divide the product by 4, 
and to the quotient add 32, the sum expresses the degree on the 
scale of Fahrenheit.- — ^2. From the degree of Fahrenheit sub- 
stract 82, multiply the remainder by 4, and divide the product 
by 9, the quotient is the degree according to the scale of 
Reaumur, &c. 

As in meteorological observations it is necessary to attend 
to the greatest rise and fall of the thermometer, attempts have 
been made to construct a thermometer which might register 
the greatest de^ee of heat, or greatest degree of cold, which 
took place during the absence of the observer. 

In 1782, Mr. Six proposed a self-registering thermometer. 
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It is properly a spirit of wine thermometer, though mercury 
is also employed for supporting an index, ab (fig. 10^ pL 
XXXVII.) is a thin tube of glass 16 inches long, and 
5-l6ths of an inch calibre: cde and fgh are smaller tubes, 
i about l-20th of an inch calibre. 'Fhese three tubes are filled 

with highly rectified spirit of wine, except the space between 
d and g, which is filled with mercury. As the spirit of wine 
contracts or expands in the middle tube, the mercury falls 
or rises in the outside tubes. An index, made of thin wire 
with a knob, is placed on the surface, within each of these tubes, 
so light as to float upon it. ^ is a small glass tube S-4ths 
of an inch long, hermetically sealed at each end, and inclosing 
a piece of steel wire nearly of its own length. At each end 
/, TO, of this small tube, a short tube of black glass is fixed, 
of such a diameter as to pass freely up and down within 
either of the outside tubes of the thermometer ee ov fh. From 
the upper end of the index is drawn a spring of glass to the 
fineness of a hair, and about 5-7ths of an inch long ; which j 
being placed a little oblique, presses lightly against the inner 
• surface of the tube, and prevents the index from descending 

when the mercury descends. These indexes being inserted 
one into each other of the outside tubes, it is easy to understand 
I how they point out the greatest heat or cold that has happened 

t in the observer’s absence. When the spirit of wine in the 
middle tube expands, it presses down the mercury in the tube 
^ and consequently raises it in the tube ec ; consequently the 
index on the left hand tube is left behind and marks the greatest 
cold, and the index in the right band tube rises and marks the 
I greatest heat. 

In 1790 a paper was presented to the Royal Society of Echn^ 
burgh, describing two thermometers, newly invented by Dr. 
John Rutherford of Middle Balilish ; the one for registering the 
highest and the other for registering the lowest degree of heat 
to which the thermometer has risen or fallen during the absence 
of the observer. An account of them may be found in the third 
volume of the Transactions of the Society. 

J Anew self-registering thermometer has more lately been 

invented by Mr. Keith of Ravelstone, which we consider as the 

I most ingenious, simple, and perfect, of any vrhich has hitherto 

appeared.. Its simplicity is so great, that it requires only a very 
short description to make it intelligible. It is constituted, first, 
of a thill glass tube about fourteen inches long, and 3-4ths of 
an inch calibre, close or hermetically sealed at top. To the 
lower end, which is open, there is joined a crooked glass tube, 
seven inches long, and 4-lOths of an inch calibi’e, and open, at 
its top, which, of course, is level with the middle of the first 
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tube. The former tube is filled with the strongest spirit of 
wine, and the latter tube with mercury. This is properly a 
spirit of wine thermometer, and the mercury is used merely to 
support a piece of ivory or glass, to which is affixed a wire for 
raising one index or depressing another, according as the mer- 
cury rises or falls. There is a small conical piece of ivory or 
glass, of such a weight as to fl.oat on the surface of the mer- 
cury. To the float is joined a wire called the float-wire, which 
r^hes upwards, where it terminates in a knee bent at right 
angles. TTie float-^re, by means of an eye at its extremity, 
moves msily along a small vertical harpsichord wire. There 
are two indexes made of thin black oiled silk, which slide up- 
wards or downwards with a force not more than two grains. 
The one placed above the knee points out the greatest rise, and 
the one placed below it points out the greatest fall, of the 
thermometer. 

When the instrument is to be prepared for an observation, 
both indexes are to be brought close to the knee. It is evident, 
that when the mercury rises, the float and float-wire, which 
can be moved with the smallest force, will be pushed upwards 
till the mercury becomes stationary. As the knee of the float- 
wire moves upwards it will carry along with it the upper index. 
When the mercury again subsides, it leaves the inaex at the 
highest point to which it was raised, for it will not descend by 
its own weight ; as the mercury falls, the float- wire does the 
same ; it therefore brings along with it the lower index, and 
continues to depress it till it again becomes stationary or 
ascends in the tube ; in which case it leaves the lower index 
behind it as it had formerly left the upper. The scale to which 
the indexes point is placed parallel to the slender harpsichord 
wire. That the scale and indexes may not be injured by the 
wind and rain, a cylindrical glass cover, close at top, and made 
so as exactly to fit, is placed over it. 

The ingenious inventor has another improvement, v/hich, if 
upon tri^d it be found to answer, will make this thermometer 
as perfect as can be desired, provided there do not arise some 
errors from the variable pressure of the atmosphere. He pro- 
poses to adapt clock-work to this thermometer, in such a way as 
to register with the utmost precision the degrees of heat and cold 
for every month, day, and minute, in the year. An account of this 
latter improvement may be seen in Nicholson'^s Journal, voL hi. 
4?to, series, or Edin. Transac. voL iv. 

The common contrivance for a self-registering thermometer, 
now sold inmost of the London shops, consists simply of two 
thermometers, mercurial and the other of alcohol (fig. 4. 
pi]* XXXi.) having theiir stems horizontal : the former has for 
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its index a small bit of ma^etical steel wire, and the latter a 
minute thread of glass, having its two ends formed into small 
knobs by fusion in the flame of a candle* 

The magnetical bit of wire lies in the vacant sf^ce of the 
mercurial thermometer, and is pushed forward W the mercury 
whenever the temperature rises, and pushes that fluid against it: 
but when the temperature falls and the fluid retires, this index 
is left behind, and consequently shows the maximum. The 
other index, or bit of glass, lies in the tube of the spirit thermo- 
meter immersed in the alcohol, and when the spirit retires by 
depression of temperature, the index is carried mong with it in 
apparent contact with its interior surface : but on increase of 
temperature the spirit goes forward and leaves the index, which 
therefore shows the minimum of temperature since it was set. 
As these indexes merely lie in the tub^ their resistance to 
motion is altogether inconsiderable. The steel index is brought 
to the mercury by applying a magnet on the outside of the 
tube, and the other is duly placed at the end of the column of 
alcohol by inclining the whole instrument. 

Mr. Nicholson explains the operation of this instrument thus : 

When the surface of the column of spirit is viewed by a 
magnifier, it is seen to have the form of a concave hemisphere, 
which shows that the liquid is attracted by the glass. The 
glass in that place is consequently attracted in the opposite 
direction by a force equal to that whichis so employed in main- 
taining that concave figure ; and if it were at liberty to move, it 
would be drawn back till the flat surface was restored. Let us 
suppose a small stick or piece of glass to be loose within the 
tube, and to protrude into the vacant space beyond the surface 
of the alcohol. The fluid will be attracted also by this glass, 
and form a concave between its surface and that of the bore of 
the tube. But the small interior piece being quite at liberty to 
move, will be drawn towards the spirit so long as the attractive 
force possesses any activity ; that is, so long as any additional 
fluid hangs round the glass ; or, in other words, until the end of 
the stick of glass is even with the surface. Whence it is seen 
that the small piece of glass will be resisted, in any action that 
may tend to protrude it beyond the surface of the fluid ; and if 
this resistance be greater than the force required to slide it along 
in the tube (as in fact it is), the piece must be slided along as 
the alcohol contracts ; so as always to keep the piece within the 
fluid. And this fact is accordingly observed to take place.’* 
(Nick Jour. N. a No. 47). 

Mr. Professor Leslie, well known for his ingenious Expe- 
rimental Enquiry into the Nature and Propagation of 
and other works of science, has invented a Differential Thermo^ 
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meter hr the measurement of minute variations of temperature. 
It consists of two tubes, each terminating in a small bulb of the 
same dimensions, joined by the blow-pipe, and bent in the form 
of a tr, a small portion of dark coloured liquor having previously 
been introduced into one of the balls. After many trials, the 
fluid best adapted to the purpose was found to be a solution 
of carmine in concentrated sulphuric acid. By managing the 
included air with the heat of the hand, this red liquor is made 
to stand at the required point of the opposite tube. This 
is the zero of a scale fastened to that tube, and divided into 
equal parts above and below that point. The instrument is 
then fixed on a stsmd. It h manifest that when the liquor 
is at rest, or points at zero, the column is pressed in op- 
posite directions by two portions of air equal in elasticity, 
and containing equal quantities of caloric. Whatever heat, 
then, may be applied to the whole instrument, provided both 
bulbs receive it in the same degree, the liquor must remain at 
rest. But if the one ball receives the slightest excess of tem- 
perature, the air which it contains will be proportionally ex- 
panded, and will push the liquid against the air in the other bulb 
with a force, varying as the difiPerence between the temperatures 
of those two portions of air: thus tbe^equilibrium will be 
destroyed, and the fluid will rise in the opposite tube. The 
degrees of the scale through which it passes will mark the 
successive augmentations in the temperature of the ball, which 
is exposed to the greatest heat. So that this instrument is a 
balance of extreme delicacy for comparing the temperatures of 
its two scales. 

It is a small variation from this thermometer that constitutes 
Mr. Leslie’s Photometer. Those who wish to learn more of the 
nature of this latter mentioned instrument may consult Mr. 
Leslie'’s Treatise on Heat, Nicholson’s Journal, vol. iii. 4to. or 
some acute remarks in the Edinburgh Review, No. 18. 

When thermometers are devised to measure very great degrees 
of heat, they are usually called by another name. See Pyro- 
meter, 

The thermometer and barometer together are very useful in 
determining the altitudes of mountains, &c. according to the 
rules delivered in our first volume, book v. For this purpose 
they are fixed in such a frame as to be conveniently portable^ 
(See Barometer). Other portable instruments byMr.M^Giiire 
and M. Humboldt, which we omitted mentioning in that article, 
are described, the former in the Transactions of the Royal 
Irish Academy for 1787, the latter in Journal de Physique, 
an 7, or Tilloch’s Philosophical Magazine, No. 15. 
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Supplement to the article Thermometer, 

Immediately connected with the construction and improve- 
!nent of thermometers are M. Biof s Researches into the laws 
the dilatatimis of liquids at all temperatures f of which, 
therefore, I shall present, in this place, a translation with slight 
abridgment^. 

The knowledge of the laws observed in the dilatation of licjuids 
is necessary in an infinity of chemical and physical inquiries. 
We require the dilatations of water, in oraer to reduce the 
specific gravities observed in that liquid to comparable terms. 
We require those of alcohol to determine its density at different 
temperatures, or to observe the thermometers in which tliat sub- 
stance is employed. Or, if we would attempt theoretically to 
compare the dilatability of different liquids respctively, and 
to connect their more or less rapid progress, with their tend- 
ency more or less near to ebullition and to solidification, we 
cannot accomplish it generally, or obtain any precise ideas on 
this point, without expressing the dilatations byformulm which 
shall represent them at all temperatures, and at the same time 
render evident the particularities of each of the liquids it is 
wished to examine. 

Such is the object M. Biot proposes to himself. He shows 
that for all liquids whose dilatations have hitherto been observed, 
the general progress of each respective dilatation may be repre- 
sented at all temperatures by an expression of this form ‘‘ 

in which t denotes the temperature in degrees of the mercurial 
thermometer, and /?, c, constant coeffidents which de|^nd on 
the nature of the liquid. He here supposes that is the true 

dilatation for the unit of volume reckoned from the temperature 
of thawing ice; but it is easy to conclude, hence, that the 
apparent dilatation follows similar laws: for, representing this 

latter by At and denoting by K the cubic dilatation of the matter 
of the vessel that contains the observed liquid f, we have 

neglecting here the square of the co-effident x, which is almost 

* The paper that contains these researches was read to the Society of Arcneil, 
August 8th, 1813. It isprintedin France; hut the work in which it appeared had 
not been published in March 1815, I have to acknowledge ray obligations to M. Mot^ 
for transmitting these investigations to me, through the raedium of ray friend M. 
Machette, (Professor of Mathematics in the Polytechnic School), for the purpose of 
insertion in this work. 

f M. Biot means by cubic dilatation the triple of the linear dilatation. 
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always allowable, since the dilatation of solid bodies is extremely 
small* 

Let it be supposed th^t the primitive volume of the liquid 
being 1 when ^=0®, occupies at degrees a number of divi- 
sions X in the vessel whose cubic dilatation is k. This number 
of divisions will indicate a greater capacity than when t was 
nothing. It will answer to the capacity x li- 

miting the expression to the square of k ; and as by supposition 
it is equal to since is the true dilatation for the unit of 

volume,, we shall have the equation 

-i', which gives 

' ; ' ■-i — — — 1 4« -J — , 

The first terra of this expression is the primitive volume at 
0®; the second is the apparent dilatation A^: we have, there- 
fore. 

The term affected by is absolutely insensible in the most 
exact observations on the dilatations of liquids made with glass 
vessels, between the temperatures of — 15® and + 100® (centi- 
grade). Neglecting it, therefore, we have simplyA^ = ^ 

value which, by neglecting the square of k and the product of 
Kby reduces to A^=^^— . Kjf, as we have assumed above. 

Now, to establish the preceding law, and determine the co- 
efficients iy c, relatively to different liquids, M. Biot employed 
the results of a series of experiments, made, with much care, 
by be Luc’*^, on the dilatatioii of nine different liquids with 
wmich he had constructed thermometers, regulating them from 
the temperatures of melting ice, and boiling water; marking 0® 
at the first point, 80® at the second, and dividing the interval 
into 80 equal parts. These liquids were, 1. Mercury. 2. Oil 
of olives. 3. Essential oil of camomile. 4. Essential oil of 
thyme. 5. Water saturated with muriat of soda. 6. Alcohol 
highly rectified. *7. Alcohol and wafer in equal parts. 8. Alcohol 
one part, water three. 9. Water. 

,fc f j-f, 

v' 3Keseaiches on ihe Slodifications of the Atmosphere, vol. i. 



THEEMOMKTEI.-^BIOT ok” BILATATIONS, 4^ 


Comparatwe Indications of Nine Thermometers made f 
different Liquids. 


f 


If we express by the number of degrees indicated by each 

of these thermometers, on its own scale, when t is the number 
indicated by the mercurial thermometer divided into 80 parts, 
all the experiments of De Luc may be represented by the 
general formula 

A, B, c, being arbitrary constant quantities, differing in the 
different liquids i and of which the absolute values, as inferred 
by M. Biot, from De Luc’s experiments^ are presented in the 
following table. 


Eeaumur’s 

scale. 

Oil of 
Dlives. 

Essen- 
tial 
oil of 
camo- 
mile. 

Sssen- 
tial 
oil of 
thyme. 

Water 
saturated 
with mu- 
riat of 
soda. 

Highly 
recti- 
fied al- 
coboi 

Qm 
3art_ al- 
cohol, 
one 
water. 

One- 

part 

alcohol, 

three 

watar. 

Water. 

Mercury. 

80 

80*0 

80*0 

80*0 

80*0 

80*0 

80-0 

80-0 

80*0 

^5 

74-6 

74*7 

74*3 

74*1 

73*8 

73*2 

71-6 

71-0 

70 

69-4 

69*5 

68*8 

68-4 

67-8 

66*7 

62*9 

62*0 

65 

64-4 

64*3 

63-3 

62*6 

61-9 

60*6 

55.2 

53-5 

60 

59 -S 

59-1 

58*3 

57-1 

56*2 

64*8 

47-7 

45*8 

55 

54*2 

53*9 

53*3 

51-7 

5§*7 

49*1 

40*6 

38-5 

50 

49*2 

48*8 

48*3 

46*6 

45-3 

4^*6 

34-4 

32*0 

45 

44*0 

43*6 

43*4 

; 41 - 2 . 

40*21 

38-4 

28-4 

26*1 

40 

39-2 

38*6 

38*4 

36*3 

35 * 1 ! 

33-3 

23*0 

20*5 

S 5 

34-2 

33*6 

33*5 ! 

31-3 

30*3 

28*4 

18*0 

15*9 

SO 

29*3 

28*7 

28*6 

26*5 

25*6 

23*9 

13*5 

' 11*2 ^ 

25 

24-3 

23*8 

23*8 

21*9 

21*0 

19*4 

■ 9 * 4 ' 

7*3 

20 

19-3 

18*9 

19*0 

17*3 

16*5 

15*3 

6*1 

4-1 

15 

14*4 

14*1 

14*2 

12-8 

12*2 

11*1 

3*4 

1*6 

10 

9-5 

9*3 

9*4 

8-4 

7*9 

7*1 

1*5 

0-2 

5 

4-7 

4*6 

. 4 * 7 : 

4*2 

3*9 

‘ 8*4 

1*0 

- 0*4 

0 

0*0 

0*0 

0*0 

0-0 

0*0 

* 0-0 

' 0*0 

0-0 



' 



.-.- 4*1 . 

-. 3*9 

r 



-10 

i 



- 8*0 

- 7*7 

' 
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Values of the co-efficieiits. 


of the liquids. 


Degree of Thermometer, Olive oil. 


Excess 
of ob- 
servations. 


Observed. 


80*0 

69-4 

59-3 

49-2 

39*2 

29*3 

19-3 

9-5 

0-0 


69-64 

59-3T 

49-20 

39-12 

29-15 

19-30 

9-58 

0-00 


- f - 0-0000000 + 0-000000000 
i + 0-0007500 -0-000001667 
+0-0013056 -0-000003889 
—0-0001667 +0-000010000 

+0-0020275 +0-000002775 

+0-0020800 +0-000007750 
+0-0027500 + 0-000011667 
+0-0155277 - 0-000039444 
+0-0185000 -0-000050000; 


Mercury - - 
Oil of olives - 
Ess. oil of camom. 
Essent oil of thyme 
Water satur.with 7 
muriat of soda 5 
Alcohol highly rect. 
I Alcohol, 1 ■water 
1 Alcohol, 3 water 
water - - 


+1-000000 

+0-950667 

+0-920442 

+0-949335 

+0-820006 

+0-784000 
+ 0-705333 
+0-010333 
-0-160000 


the greatest variation between the observation and the 
computation is less than one fourth of a degree ; and nearly all 
the rest are exceedingly minute. 


To prove the correspondence of these results with the obser- 
vations, M. Biot has computed the values of by the formula 

for each of these liquids for every 10°, and compared them with 
the numbers given by De Luc’s observations. 

1 . Thus, computing the thermometer of oil of olives from 
the formula 


Iij =0-950667 t+0-00075t®- 0-000001667T3, 
we have the following comparative table. 











f l'HEHMO.UETEE.*^felOT 0M l>ILATATIOKS. 401 

M. De Luc pot the oil of olive thermometer’ sareral times in 
a refrigerating mixture which caused the mercurial thermometer 
to descend to ~ 14® ; and he relates that the oil thermometer 
remained nearly at that degree so long as the oil was not con- 
gealed, This result agrees with the preceding formula ; for if 
we suppose t = ~ 14% the formula gives 

But when the oil began to congeal, the olive oil thermometer 
fell, all at once, much lower than the mercurial thermometer ; 
the oil, indeed, retired entirely within the balL It will be seen that 
it was the congelation which produced this sudden depression : 
for, when it has taken place, if the temperature be raised, the 
mercurial thermometer will rise immediate^, but the oil ther- 
mometer will remain at its extreme point of depression, during 
an interval sometimes considerable, being, without doubt, that 
■which the oil would require to become uncongealed. But having 
f once resumed its liquid state, it will soon regain its relative po- 

sition as to the mercurial thermometer, and manifest its accus- 
tomed progress- De Luc supposed that it was the privation of 
air which enabled the oil to undergo, without congealing, a 
degree of cold which would have caused its congelation in the 
open air* But it appears from the experiments of Sir Charles 
Blagden, that neither the exclusion of the air, nor rest, are ab- 
solutely necessary to the production of that effect, though they 
may contribute to it 

■ We may learn from these phenomena, L That oil of olives 

i may, in certain circumstances, as well as water, be depressed to 

a temperature far lower than its ordinary degree of congelation, 
without ceasing to be liquid. £. That it contracts in congeal- 
ing, as mercury does, which is evident of itself, as the parts con- 
gealed retire to the bottom of the vessel. S. That, down to the 
very moment in which it becomes solid, it retains exactly or 
very nearly the same law of dilatation : this appears also to ob- 
I tain with respect to mercury, as we conclude from the discus- 

! sion of Mr. Cavendish relative to the experiments of Hutchins 

at Hudson’s Bay. 

Hence we see that olive oil, in cooling to any degree whatever, 
cannot, like w^ater, have an apparent of condensation, 

at least in glass tubes. This, also, is shown by our formula: 
for this maximum would answer to the case in which we should 
have 

■£> . ■ ' 

" '■ ' ' ' ' " 

Y = 0 ; which gives 

0 = 0*950667 + 0*0015t - 0*000005x2 ; 
an equation of which the roots are 

'ri = - SlP'l ; 4-611M. 
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This indicates that if the oil could remain liquid in the thermo- 
lOfieter at these temperatures, and if it continued to dilate ac- 
cording to the same law, it would have an apparent maximum 
of condmsatim at 311’®.! below zero, and a maximum of dilata^ 
Mm at 61P.1 above it. But these limits are far too remote 
from our observations, to allow of our safely extending to them 
the consequences of the formula. All that can hence be con- 
cluded is, that olive oil, so long as it remains liquid, continues 
to contract by cooling, and that it will even] congeal without 
expanding ; which is conformable to the observations. 

For the essential oil of camomile^ the theorem is 
: f ^ Bx- 0-9^0M16 t + 0-001S056t^-- 0*000003889x3 

The comparison of the results of this formula with obsrva- 
tions gives the greatest deviation at 40^; but even there it is 
only — 0^06 ; in most temperatures below 30® or above 45® it 
is scarcely perceptible. So that practically this theorem may 
be considered as exact as observation itself. It appears, also, 
that this oil has not a maximum of condensation ; for the equa- 
tion of such maximum is 

0 =: 0*92044d6+0-002612x~0-00001166 
the roots of which are x' = ~ 189®.; rr + 413®. Both 
these values are far too remote from our experiments to be re^ 
garded as applicable, 

3. Proceeding next to the essential oil of thymes we have the 
formula 

=0-949336x - 0*000166 YtH<^*00001t3. 

The comparison with experiment furnishes a very satisfactory 
correspondence : from 60® to 70® the differences between com- 
putation and observation are nearly a quarter of a degree ; at 
most other temperatures the differences are imperceptible. 
"Here, agdln, there is no maximum of condensation : for the 
equation which would give the maximum is 

0 = 0*949336--0*0003334t+0-00003t^ 
the two roots of which are imamnary. Thus, this oil, like the 
preceding, may become congealed without dilating. 

4, For 'water saturated with muriat of so^^ the theorem is 

=:0-820006t+0-0020275x" + 0*000002775x3. 

The correspondence of observations with this theorem is 
nearly as great as can be desired. In only two cases between 
80® and — 10®, does the difference exceed a tenth of a degree ; 
and in the majority of instances the difference did not exceed 
0*01 of a degxxe. T|ie, temperature was carried below zero by 
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mams of freezing mixture. This solution, again, congeals 
without dilating. For the equation of the maximum is 

0 = 0-820006 + 0’004055t + 0*000008325t% 

of which the two roots are imaginary. Thus the rauriat of 
soda, on combining with the water to saturation, loses its pro- 
perty of dilating before it becomes solid. It would be inter^t- 
ing to verify thk result by experiment* For, although it seems 
here founded on a very strong anal<^y, since the law of the 
dilatation and contraction is maintain^ very rigorously down 
to - 10^ Reaumur ; yet it must only be spoken of as being 
highly probable. But to make the experiment well, it will be 
requisite that the thermometer formed of the solution be most 
carefully freed from air, and that the refrigeration be carried 
on slowly, in order that the solution may fe kept fluid even a 
little below the usual degree of its congelation. 

Sir Charles Blagden has made an wservation of this kind, 
which is related in his interesting memoir on The effect of 
various substances in lowering the point of congelation in 
water*;"' but the solution which he employed was not saturated,* 
it contained 4^8 of water to 1 of salt. Consequently, its point 
of congelation ought to be at — according to the law 

which Sir Charles has found. This solution continued to con- 
tract till it was cooled to ~ 6^*67 (17^ Fahr.) but had sensibly 
expanded by the time it was cooled to — (15^ Fafar.) 

These limits are far elevated above the temperature — 10^ to 
which De Luc has carried the saturated solution which formed 
his thermometer, without its exhibiting any sign which an- 
nounced a dilatation : consequently, the experiment of Blagden 
cannot invalidate the law which we have found for the saturated 
solution employed by De Luc, It would be very natural that a 
certain proportion of salt would deprive the water of its property 
of dilating before congelation, and that a less proportion would 
not produce the same effect. This is precisely what obtains 
in mixtures of water and alcohol, as will soon be seen. ^ 

5. We now pass to highly rectified alcokoi^ for which the 
formula is 

= 0-784T + 0.00208t2 + 0-{)000Q775t^. 

The comparison of the results of the theorem with those of ex- 
periment gives a difference of 0®T6 at the temperature of 10^. 
At no other temperature subjected to the comparison does it 
amount to half this, and in nearly half the cases it was imper- 
ceptible. Here, again, the law of the dilatation does not indi- 


* PMl Trans* vol. Ixjcyiit. New vol. xvi. p. 4/2. 


494 MACHINES. 

cate any retrogradation, foi’ the condition of the maximum 
of will be 

0 = 0*'r84 + 0’00416 t + 0*00002325t% 

the two roots of which are imaginary. 

The value of given by our formula will be very con- 
venient for the comparison of.^ thermometers of alcohol with 
mercurial thermometers* It will be seen that this is often 
indispensable ; for there is much difference between the two 
thermometers, when they are both regulated to the terms of 
the freezing and boiling points. The difference becomes less 
when the thermometer oralcobol is regulated to the mercurial 
one at lower tempenitures. If we put t = (t) -f- and de- 
termine (t) in such manner as to cause the square of to 
disappear from , we shall find (t) zi — 89^*463 n ; and 

then the transformed value of will become 

- 580*981 -f 1-34218 t^+ 0-D00007T5t^^. 

The thermometer of alcohol will, therefore, mark — 58^*981 
on its own scale, when will be nothing, that is, when the 
mercurial thermometer stands at 89^*463 below zero. Pro- 
ceeding from this term to 80° either above or below, the pro- 
gress of the two thermometers will be nearly proportional ; for 
uie term containing t'® which alone affects the exactness of the 
proportionality, cannot reach 4 degrees in the extreme case 
where we make = ± 80°. Such is, therefore, the greatest 
correspondence which can ever exist between the alcohol and 
mercurial thermometers, supposed indefinitely prolonged below 
zero..'",- 

6. Let us next consider the mixtures of water and alcohol. 
And first when the proportion of water is small, the affinity of 
alcohol for it long preserves its liquidity and opposes its retro- 
gradation. This is proved by observation upon the thermo- 
meter constituted of equal parts of alcohol and water. The 
formula in that case is 

= 0-705S33T + 0*002T5t= + 0*00001 1667t-^ : 

and the comparison with observations proves that the law of 
the dilatation is very well represented by this formula. The 
proportion of water is not yet sufficient to communicate to the 
alcohol its retrograde property : for the equation which gives 
the maximum ot is 

0 = 0*705333 4- 0‘0055t + 0*000035t% 
and its two roots are imaginary. 

7. But on augmenting the water the influence of that liquid 





SiflOO 


Degrees 

Degrees therm, made with themixtureJ 

on 

mercur. 

thermom. 

Computed. 

Observed. 

Excess of 
observ.'' V 



80 

Mixture of 

70 

1 part 

60 

alcohol 

50 

with 

40 

5 parts 

30 

water. 

20 


10 

1 , 

0 


0-00 

— 0-34 

— 0*29 
0-00 

4- 0*28 
+ 0-29 
G-00 

— Oil 
0-00 


Here the law of the dilatation is very different from that 
which obtained in pure alchohol, and the difference of the two 
thermometers is also much more considerable. For ascertain- 
ing the maximum of condensation, we have the equation 
0 = 0 010333 + 0-0310554T - 0-000118333tV 
of which the roots are 

= -- 0°*333, = -f 263°. 

The first alone is admissible; it gives a maximum of condensa- 
tion at 4- of a degree of Reaumur below 2;ero. Substituting this 
value ofT^n the equation for we shall find = — 0°*0017, 

that is to say, at the instant of this maximum of condensation 
the thermometer of the mixture ought to be as to sense, at 0 
on its own scale. . This maximum is indicated by the slow 
dilatation of the mixture, which, according to observation, was 
only 0°T on its own scale when the mercuriai thermometer was 
at + According to the formula it should then have been 
at + the error is of the order of those which may be 
expected from the deduction of the formula and the nature of 
observation. 


Nature of 
the liquid. 


will become perceptible. Thus, taking the thermometer made 
with part of alcohol and three of water, the formula be- 
comes ", ■ , , 


= 0-010333T + 0*0i5527TT^ 6-0OOO39444 t«, 

Here the terra proportional to the temperatures is almost in- 
sensible ; only giving 0°*8 at the temperature of This is 
occasioned by the influence of the water ; for in pure water this 
term is negative, as will soon be seen. The comparison of the 
experiments with computation from the formula is as follows. 
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8. Lastlyj we shall proceed to examine the law of the dilata- 
tion in the thermometer made of distilled water ^ for which 
the theorem is 

- 0.16t + 0-0185t2 - O-OOOOt^. 

Here the term proportional to the temperature is negative; and 
among the liquids which we have examined, water is the only 
one which presents that pecul&rity. Hence it is natural to 
infer that its dilatations will differ much from those of mercury ; 
and this is clearly shown by the following table. 


Nature of 
the liquid. 

Di^rees 

of 

mercur. 

thermom. 

Degrees of water thermom. 

Computed. 

Observed 

Excess of 
observa. 


80 

80-0 

80*0 

0*0 


70 

62*3 

62-0 

— 0*3 


60 

46*2 

45-8 

— 0*4 


50 

32*0 

32*0 

0*0 

Distilled 

40 

20-0 

20*5 

+ 0*5 

water. 

30 

10-5 

11*2 

+ 0*7 


20 

3-8 

4*1 

+ 0*3 


10 

0-2 

0*2 

0-0 


5 

— 0-34.3 

- 0*4 

— 0*057 


0 

0-0 

0*0 

0*0 


This thermometer is certainly the most irregular of all ; a 
circumstance peculiar to water, as De Luc has frequently re- 
marked in his work. Yet we see that the observations oscillate 
about the formula within very narrow limits ; the discrepancies 
being, indeed, such as are fairly attributable to the observa- 
tions. 

Here we have a maximum of condensation, the equation 
which determines it being 

0 r= — 0*16 + 0.037t — 0*00015t% 
whose roots are = + 4*402° and = + 251°, 

The first is that which renders a mmimum^ and which con- 
sequently indicates a mawimum of condensation, De Luc says 
that this, maximum appeared to him to answer nearly to the 
temperature of -f- 4°, which differs very little from the com- 
putation. -He remarks, also, that at the moment of this pheno- 
menon, the thermometer of water stood at about ^ a degree 
below zero on its own scale. Our formula gives — 0^.85. 
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Let it be remarked that this maximum h otAy apmrmi^ and 
that it must receive a correction to exhibit the real maximum. 
Let it be recollected, farther, that we here enjploy distilled 
water, free from air, and that common water, which contains 
air, probably dilates according to rather different proportions- 
9. M. Biot, previously to deducing from these results the 
true and absolute dilatations of the liquids observed by De Luc, 
remarks, that the thermomctrical observations on which the pre- 
ceding deductions are founded may not perhaps be exempt trom 
slight inaccuracies, in M. De Luc'^s work he treats much at 
large on the construction of the thermoineter, and speaks only 
of the care which should be taken in immersing at once the ball 
and the liquid column in the temperature which he would com- 
municate to it. The same thing should be regarded in observ- 
ing the intermediate temperatures between the fixed points. 
If these precautions have been neglected by De Luc, which, in 
truth, is scarcely probable, all the numbers observed by that 
philosopher will be affected by a small error, equal to the 
dilatation of the portion of liquid contained in the tube of his 
thermometers at each of the temperatures observed. Hence 
it would be interesting to have these results confirmed, by a 
repetition of the experiments. 

^ 10. Let us now proceed to deduce the true and absolute 
dilatations : which is very easy. To fix and graduate the ther- 
mometers De Luc put them successively in the temperatures of 
melting ice and boiling w'ater ; marking in each case the upper 
extremity of the liquid column, and dividing the interval into 
80 equal parts. Consequently, the absolute and apparent dilata- 
tion of the liquid employed being represented together by n, 
that dilatation will determine the extent of 80® ; and thence, 
knowing that is to say, the number of degrees of the same 

thermometei corresponding to the temperature t, we may easily 
deduce the apparent dilatation ; for we have obviously 


But, calling the true and absolute dilatation of a liquid, 

that is, the dilatation which would be observed in a vessel not 
dilatable, we have seen that it may be computed from the ap- 
parent dilatation, and that we have in general 
= KT + (I + 

K being the cubic dilatation of the matter of the vessel in which 
the apparent dilatation A,^, is observed. Putting, therefore, 

here, for A^ its value in terms of it wtII become 
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then, substituting for d, the general expression at 
■ which has been verified, we have 

which, by actual multiplication, becomes 
5, = (x + 


”^-T) + Dt2 + PT® 


80 


SO * 80 * 80 

The term that includes may be always regarded as insen- 
sible. For water it would only give r-^i-u'po- primitive 

volume even when t = 80*^. Thus, neglecting this term, when 
the total dilatation n is known for any liquid, we must substi- 
tute its value in this formula, and making 


. Vfk 

K + gjj 5 


B + AK 
80 ’ 


0 = 


C-fBK 

“IF"’ 


we shall have, for any other temperature, the true and absolute 
dilatation by the formula 

4 + 


which is that which w'as announced at the commencement of 
these inquiries. But, if the experiments which we employ are 
extremely accurate, the term proportional to the fourth power 
of the temperatures may perhaps be rendered perceptible ; and 
in that case it would be necessary to introduce a term of that 
order in the computation of from the observations. Let it 
be remarked also, that these formiilm being expressed in de- 
grees on Reaumur, the cubic dilatation k of the matter of which 
the vessel is constituted must always be taken in reference to 
those degrees. 

11 . All De Lucy’s experiments were made with thermometer 
tubes of glass. From the experiments of Lavoisier and La- 
place it appears that the cubic dilatation of glass employed for 
this purpose is 0*0000262716 for each degree of the centesimal 
thermometer. Multiplying this by or adding to it i of its 
value, we shall have the cubic dilatation corresponding to a 
degree on Reaumur’s scale, namely, k = 0*00003284, 

All is reduced, therefore, to the determining by experiment 
the total and apparent dilatation n. Unfortunately, there are 
no liquids of which it can at present be said that this is pre- 
cisely known. In this uncertainty let us investigate the means 
of computing it for water and alcohol, from the experiments of 
Gilpin and Blagden, having regard to the dilatations of the 
vessels. In truth, those philosophers have only determined 
the weights from 0° to 30^*2 R.; but, as they appear to have 
been made with very great care, their precision may compensate 
for what they want in extent. Besides which, there are easy 
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rneans of trying onr formiilfB, and declacing values which may 
one day be verified by direct experiments. 

12. We shall commence with alcohol. By comparing the 
weights of the same volume of this liquid ascertained by Gil- 
pin and Blagden at 30% 35% and 40^ of Fahrenheit, M. Biot 
has deduced by interpolation the weight of the same volume at 
32% which answers to 0° upon ReaumuFs scale. Then com- 
paring that result with the weights observed at 70^, OS®, 
and 100® of Fahrenheit, he has deduced the relation of the 
volumes at those different temperatures, assuming for unit the 
primitive volume at 32 ^, or at the temperature of melting ice* 
Thus he obtained the following i-esults; 


Degress on mercurial 
thermometer. 

Volume of alcohol 
observed. 

Dilatation from 
the temperature of 
mtdting ice. 

32° F or 0°-0 R 
50 8-00 

70 16’-89 i 

95 28-00 

100 30 -22 

1-000000 : 0-000000 
1-010003 i 0-010003 
1-021750 ! 0-021750 

1-037369 1 0-037369 

1-040525 1 0-040525 


To deduce from these results the total dilatation n from 0® 
to 80® R, M. Biot employs the two last observations, and con- 
siders them as given values of Then in the equation 


, C craj ri + KT) 


-X • - Hi} ' 

all is known except d; whence that quantity may readily be 
deduced. First, computing and kt, there are found 


T =: 28 000; at + bt^ -f. gt^ = 22*753; kt == 0.00091952 : 
T n 30*222; at + bt^ -{- ct-^ = 25*808; kt = 0*00099248 : 

then from the observations we have 




T = 28*000; = 0*037.369; _ kt, ==.0*036449; 

' Sy.— XT' ' 

T =.30*222; = 0-040525; kt = 0*039533 ; =t: B. 

Substituting these values in the formula, we shall have two 
equations, viz.. . ^ ^ ; 

0 *03641 Cf==~^B 5 and 0*039494^ 


From the first, n = 0122649'; from the second, i>=0-122424. 

These values differ only by 0*0002 of the primitive volume 
at 0® : taking, therefore, the mean, we have 

■ V , : ' n = 0*1225 ^ ^ ^ 


K K, 2 
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which is \X\Q afparent dilatation of the alcohol in glass fiom 0® 
to 80® R. To obtain the ir«^ dilatation, recourse must be had 
to the formula 

= KT + (1 + kt) Ay , 
which, when T = 80®, becomes 

^g0 ==== SOk d" (f Hh 

Substituting here for d and k the values already obtained, 
their results for highly rectified alcohol 

0-1254852, 

or nearly one-eighth. This is the true dilatation of alcohol 
from 0® to 80® R. 

M. Biot knew of no other indication on this subject than 
that of Nollet, who, in his ^^Lefons de Ph^sigue^ tom* iv. p. 
379, says that alcohol is dilatedby 0*087 while passing from the 
temperature of congelation to that of boiling water. M. Biot 
shows the reasons of the want of correspondence in the results; 
and proceeds to compare his deductions with those of Sir 
Charles Blagden and Mr. Gilpin. In order to this, he com- 
putes the values of the true dilatation ^^5 ^or diiferent tem- 
peratures conmrised within the range of their experiments, by 
means of the formula 

= KT + (at + BT- + CT^) (1 4* kt). 

oCl 

Thus he obtains the following comparisons. 


Degrees of the 
mercurial 
thermometer. 

Corresponding 
degrees of alco- 
hol thermom. 
computed. 

True dilatation from the temperature 
of melting ice. 

Computed. 

Observed. 

Excess of 
observa. 

S2« F. or 00 B. 
50 8.00 

70 16-80 

95 28-00 

100 30*22 

0-000 

6-409 

13-939 

23-753 

25*808 

0-00000 

0-01008 

0-02191 

0-03733 

0*04056 

0-00000 

0-01000 

0-02175 

0-03737 

0-04053 

0-00000 
— 0-00008 
-0-00016 
+ 0*00004 
— 0*00003 


The correspondence of these results is quite as perfect as 
could be hoped for; and the deviations oi the formula from 
the observations may be as naturally ascribed to the latter as to 
the former. Hence, reducing the coefficients of and 
into numbers, we shall have the following results for any tem- 
perature, T, whatever, expressed by the mercurial thermometer 
in degrees of Reaumur* 

I. Degrees of the thermometer of alcohol on its own scale, 

Dy = 0'784t “f 0-00208 t 2 + 0*00000775x3. 

II. Apparent dilatation from 0® in glass tubes, 

A Y = 0.0020085T + 0,000008 18593t« + 0*00000001187x3 
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III. True dilatation, 

= 0'0012S369t + 0-0000032253W + 0*09000001 198t^. 

In this expression for the true dilatation the term containing 

whose coefficient is 4 preceded by 1^ ciphers between it 
and the decimal point, is suppressed. The omission will only 
occasion an error of 0.00002 in a dilatation of 80^; and the 
observations never reach this precision. It must not be for- 
gotten that these formulas apply only to alcohol hmhly rectified 
for we have seen that the dilatations of this liquid follow a dif- 
ferent law when it contains a large portion of water. By means 
of these formulas thermometers of alcohol or of mercury may 
be employed indifferently. 

IS. M. Biot institutes a similar calculus for water^ proceed- 
ing here, also, from the experiments of Gilpin and Blagdeu, 
at the temperatures before specified. After tabulating his re- 
sults as in the case of alcohol, he again employs the observa- 
tions at 95*^ and 100° F, or 28° and 30°'22 R. He then recurs 
to the formula 


There result, from the computation, 

T = 28 000 ; = 8 - 9264 ; kt = 

T = 30 * 222 ; =; 10-6818 ; kt : 


0-000919; 
= 0-000902. 


Then from the observations, 


KX ' . 

28*000; = 0*005829 ; St — KT = 0*004910; « 0-CK)4050 


x sc: 30*222; K « 0*0068409; — kt == 0*0058485; = 0*00S8427. 

^ 1 KT 

Substituting these values in the formula, they give respectively 
the equations, 

0-004905 = 2:?!^ D, and 0-0058427 = d. 

It is obvious that, here, the minuteness of renders the 
determination of n far less favourable than with respect to 
alcohol ; so that it would have been preferable if we could have 
employed experiments made at a higher temperature. Yet the 
extreme care of the observers in great measure compensates 
for this disadvantage ; and thus the two values of n deduced 
from these equations agree very well together. They are 
n 0-0439595, and n == 0*043'r582. 

The difierence between these is only 0-0002 of the primitive 
volume. Taking, therefore, the mean, we have 
' ,B = ■0-043859, . 

which is the apparent dilatation of water in glass from 0° to 
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80 R. To obtain the dilatation between 
recourse must be had, as before, to the formula 
5^0 =s=5 BOk “h (I H"* 80 n 5 

in which, substituting for k and n their values, we get ultimately 
^go>= 0'046601, 

for the true dilatation of water between the temperatures of 
0^= and 80^ R. 

M. Biot has compared this result, also, with the experiments 
of Nollet, and traced the sources of disagreement. He then, 
as before, compares the results of his calculus with the experi- 
ments of Gilpin and Blagden, which he effects by means of the 
formula 

5 ^ = KT + ^ (1 +. kt) ; 

thus obtaining the following table, in which the unit of volume 
is the primitive volume of water at 0^. 


Degrees of the 
mercurial 
theniiometer. 

Gorresponding 
degrees of ther- 
mom. of water, 
computed. 

True dilatation from the temperature 
of melting ice. 

Computed. 

Dbserved. 

Excess of 
observation. 

320 F. or 

0“ R. 

0.0000 

0-00000 

0*00000 

0*00000 

40 

3-56 

- 0-3S73 

- 0*00007 

- 0*00012 

4* 0*00005 

50 

8-00 

- 0.1220 

+ 0*00019 

+ 0*00014 

- 0*00005 

70 

I6'’89 

+ 2*3340 

4* 0*00184 

4- 0*00188 

+ 0*00004 

95 

e8‘00 

+ 8*926*4 

4- 0*00581 

4- 0*00583 

4- 0*00002 

100 

30*22 

■f 10*0818 

4- 0*00685 

4- 0*00684 

- 0-00001 


The formula and the observations are evidently of equal ac- 
curacy. The deviations are all found in the order of hundred- 
thousandth parts of the unit. So that these experiments, which 
are so delicate to make, as their authors testify, are susceptible 
of confirmation from a calculus founded on the thermometrical 
observations of De Luc, combined with a single measure of the 
absolute dilatation of water. Hence, reducing the coefficients 
of into numbers, we obtain the following results for any tem- 
perature T expressed in degrees of Reaumur, 

I. Degrees of the thermometer of water on its own scale, 

= - 0 . 16 T + 0 * 0185 t^" - 0 * 00005 t»' 

II. Apparent dilatation of the water in glass tubes, 

A y ==- 0 * 00008 TT 18 t+ 0 . 0000101424 t^^O- 000000027412 tI 
in. True dilatation, 

=-0*000054878t+0*0000101S95t^ -0*00000002mS0T'\ 
In this expression for the true dilatation the term that con- 
tains T^, and of which the coefficient is 9 preceded by 12 
ciphers between it and the decimal point, is suppressed. The 



THEHMOMETEt.'— BIOT ON JDIBATATIOMS. 


sm 



omissioE will only cause an error of 0-00004 of the primitive 
volume in the dilatation due to 80®. It must not be forgotten 
that the law of dilatation changes when other substances are 
dissolved in water. 

The value of susceptible of a minimum which shows us 
the maximum of condensation of pure water. The equation 
w hich determines this minimum is 

0 - - 0*000054878 + 0*000020279t - 0 *00000008 124t^. 

Taking only the smaller root of this equation, it is t= 2®*736 
of Reaumur, or 3° *42 of the centesimal division. Mr. Gitpin 
and Sir Charles Blagden, according to Dr. Thomson, carry 
the true maximum of condensation to 3® *89 of the centesimal 
division ; and Dr. Hope found it frequently at 3®*33. On this 
point there may be some minute dijfferences, depending on the 
more or less perfect correspondence of the thermometers em- 
ployed by the different observers, and probably on the greater 
or less degree of purity of the water employea ; for we have 
seen that the mixture of foreign substances dissolved in water 
may not only depress the maximum of condensation, but even 
cause it to disappear entirely. But it is at least evident that 
this calculus so accords with the whole of the experiments, as 
to allow only very slight variations in reference to the point 
before us. 

In a very curious series of experiments made by Sir Charles 
Blagden, to ascertain to what point water may, in certain cir- 
cumstances, be cooled below zero without ceasing to be liquid, 
he has remarked that its retrograde dilatation continued even 
then, and that it became so rapid as to bear a considerable pro- 
portion to the total dilatation experienced by the water on 
passing into the state of ice’^. This is an evident consequence 
of theformulas. For, in the value of the apparent dilatation A^, 
when T is positive, the terms tend to annihilate each other by 
the opposition of signs: while, below 0®, t becomii^ negative, 
all the terms take the same sign, and iheit sum is eiroctive. To 
ascertain how far the difference may extend, let the value of a ^ 
be computed from + 10® R. to — 10® R.; we shall then have 

T := + 10® - . - - - At = 0-0001097 
' , T,::=: -«10® Ay'-= 0*0019188 ' 


* lii experiments where the water is cooled much below its freezing point, I have 
seen (says Sir Charles) the expansion so great as to bear a considerable proportion to 
the whole expansion produced by freezing, which last I believe is more than } of the 
volume of the v/ater. It seemed as if the expansion proceeded in an increasing ratio, 
being inueh greater on the last degree of cooling tlian it was on the first.” Phil. Trans, 
vohlxviii., ' New Abridgment, vol. svi. ‘ft?. 
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where it is evident that the latter is to the former about in the 
ratio of 18 to 1. 

14 Knowing the value of the true dilatation it is easj 
thence to deduce the apparent dilatation in vessels of any sub- 
stance whatever. For, denoting by K the cubic dilatation of 
the matter of which those v^sels are constituted^ the apparent 
dilatation A ^ is given in general by the formula 

, „ ■ ' , .■ 8m —XT' ' ■ 


Am — 


I Hh KT • 


If We wish to ascertain the dilatation A^ simply for tempera- 
tures but little elevated, and those which always remain low, 
we may neglect the product of — kt by kt, and suppose the 
denominator of the second member equal to unity. In which 
case we shall have 


A a. — kt. 


It is thus that we shall employ it in the use hereafter to be 
made of this formula. But for the greater simplicity, we shall 
substitute the letter a, c, 5^ for die numerical coefficients 
which contains, that is to say, we shall take generally 
= ar 4* 

a, J, and c, having values already determined. This substitu- 
tion gives 

= (^ — k) T 4“ 4“ 

15. The apparent dilatation a^ maybe susceptible of a 
minimum depending on the dilatability of the matter of which 
the vessel is formed. The equation which determines this 
mininturn is 


A, 


0, or 0 = a — K 4- 4“ 


>5— (a^Tn) c] 

3c 


a quadratic equation, whose roots are 

3^ 5 ttMM. > 

These roots will be both positive so long as the substance of 
the vessel is of a nature to expand by heat for, since a is nega- 
tive as well as c, the product 3 (flj- k) c will then be positive : 
the value of the radical expression will therefore be less than 
that of 6, and as the denominator 3c is negative, the two roots 
will have the sign 4^, But the first is the only one which 
interests us, because it is that which is always very small. To 
compute it exactly with facility, it will be advantageous to 
transform the equation by multiplying both terms of the frac*-- 
lion by 6 -f V' [5^—3 (a— k) c], when it will become 


' 6 + V [t* —3 (rt—K) 4* 


THEEMOMETEE BIOT OK BlEiiTATIOKS. 


m 



I 


It will then only be requisite to put for K. its value in this 
formula, and we shall have the temperature t of the apparent 
maximum of condensation. The absolute maximum of con- 
densation is found by making k = when we have 

a.' , 

Since the value of c is extremely minute, if the temperature 
of the maximum should be very small also, we may, in approxi- 
mations, neglect the term 3 ct* in the equation which determines 
that maximum ; in which case we shall have 

Jppmrnt maximum T ^ 

True maximum (t) — 

Whence we deduce T === (t) + 

This result shows how the apparent maximum depends upon 
the true maximum and the dilatation of the vessel. It shows 
that to obtain the temperature t of that maximum, it is 
requisite to have regard to the term which contains the square 
of the temperatures in the expression of the dilatation of w^ater. ; 

But this more simple result is only an approximation ; and i 

the true expression, namely, 

' ■ , . O— X . 

may differ from it very perceptibly, especially if the vessels are 
very dilatable ; for then the values of k and t will both increase, j 

and the error which may result from neglecting the term Scr* 
may be very considerable. 

16. This result M. Biot applies to the experiments made by 
Mr. Dalton on the apparent maximum of condensation of 
water in expansible vessels*. To Dalton's results, Biot an- 


* Nicholson’s Journal, N. S. voL X. p. 03. (! 805.) 

I shall throw into this note the principal part of Mr. Dalton’s paper cited hy 
M. Biot 

A number of water thermometers are to he procured, the containing vessels of 
which are of different materials, as earthen ware, glass, and various metals. Each of 
these should contain one or two ounces (from 4 to 800 grains), more or less, of water. 
Common brown inkstands, which go by the name of Nottingham ware, answer very 
well for one species, but they require to be well painted without, as they are not other* 
wise water-tight. I have a few of Queen’s ware, made purposely in Staffordshire, 
which constitute another sj^cies of earthen ware ; some of them are glazed in and 
out; others unglazed, but these being painted without are water-tight, and expand the 
same by beat as glazed ones : Of glass, common thennometer tubes, with larger bulbs 
than ordinary, are sufficient. I have the metallic vessels made in the shape of cylin- 
drical tin canisters, conical towards the top, and at the summit a small cylindrical tube, 
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nexes the cubic dilatations of the substances of which the ?essels 
were formed. 

such as to take a tliercraometer tube. The glazed earthen ware and the metallie re{|uire 
mostly to be painted before they are quite tight. 

The vessels being thus prepared, they are to be tilled with water previously boiled 
to expel the air : a thermometer tube with cement is then suddenly plunged into the 
vessel and cemented fast ; the water may then be driven out of the tube by heat, 
or more may be put Into it by a small wire ; it is then fit for use, and a scale of equal 
parts may be apphed to the tube ; or it may be divided, and marks made with a file or 
paint. 

Some of the results of my experiments with instruments of this kind are as follow : 
(Fahrenheit’s Thermom.) 


Water W ater the same 

lowest. height. 


1. Brown earthen ware, ISfo. 1, at 

360 ^ 

at 

S‘Jo 

and 

400 

2. Brown earthen ware, No. 2, 

38 - 

- 

32 

and 

44 

3. Queen’s ware, 

40 - 

- 

32 

and 

48 

4. Flint-glass, - - 

41 J . 

- 

32 

and 

51 

5. Iron, thin plate - - 

42^ - 

- 

32 

and 

53 

6’. Tinned iron, • . 

42^ - 

. 

32 

and 

53 

7. Copper, - 

45? - ■ 


32 

and 

59 

8. Brass, - - - 

46 - 


32 

and 

60 

9. Pewter, 

46 - 


32 

and 

60 

lO. Lead, - - - 

49J . 


32 

and 

67 


Another phenomenon in these instruments is observable; it is not new, but it de- 
serves a marked attention in the present inquiry : If the apparent expansion of water 
for the first iOo of temperature, reckoned from the lowest point in any of the above in- 
strument, be denoted by 1 ; then if the instrument, taken at any tenqjerature, be sud- 
denly plunged in water of lO® higher temperature, the water instantly sm/cs a consider- 
able way, occasioned no doubt by the vessel being extended by the heat before the water 
it contains has time to expand. The quantity of depression in the difierent instruments 
was found as under: 

Brown earthen ware sinks by being dipped in water 
of IQo higher temperature, - - '2 

Queen’s ware, - - - - - *3 

Fhnt-glass, •* - • - - *25 

Iron, - - - - - - .fiG 

Copper, - - - .. - - -9 

Brass, - - - ^ - - I -I 

Pewter, « - - - -■ - 1-0 

Lead, - »• - » - - 1*5.” 
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The comparison of these results with tiieformute is ex- 
lubited in the following table. 


The differences here evinced between the calculus and the 
experiments are by no means great They may even arise 
from some slight differences between the expansions of the 
substances observed by Lavoisier and Laplace, and the expan- 
sions of those which constituted Mr. Dalton’s vessels ; and so 
much the rather, as the errors of expansion become extremely 
augmented by the smallness of the divisor by which they are 
affected in the expression for t. But farther, as the cleviations 
are marked generally by tlie negative sign, M. Biot is inclin<xl 
to think, that the water employed by Mr. Dalton, at least in 


This value, 6‘'664, is employed as it appears, tom. ii. p, 156 of the French trails- 
latiop of Thomson’s ChemistrjN In Nicholson’s Journal, the number for pewter is 
the same as for brass ; which M. Bfot regards as an erratum, especially as the value 
given/bx Br. Thomson agrees veiX Avell with the th^ . ■ 


Respective 
substances 
of the vessels. 

Cubic dilatation 
for .1<»R. according 
to Lavoisier and 
■■■ ..Laplace. . 

Maximum of 
condensation 
observed in 
degrees of 
Reaumur. 

Begrees at which 
water stands 
at the same 
height. 

Flint-glass - 

0*00003003 

4^*222 

0" and 8'-44l 

Iron - - - 

0 00004578 

4* 667 

9- 334 

Copper - - 

0*00006309 .' 

6* 000 

12- 000 

Brass' ' - - 

0*00007002 

6* 222 

12- 4-14 

: Pewter '■ - - 

0*00007266 

6* 664“*^ 

13- 328 

Lead - - - 

0*00010689 

7* 778 

15‘ 555 


Kespectivc 
substances 
of the vessels. 


Apparent maximum of condensation in 
degrees of Eeaumnr, 

Computed. Observed. 


Flint-glass - 
Iron - - - - 
Copper - - 

Brass 

Pewter - - - 
Lead - • - - 


4^-286 4^*222 
5vOT2 4-66t 


5- 960 

6- 319 


6 - 000 
6 * 222 


6*456 6*664 

8-246 7*778 
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some of his experiments, was not perfectly pure, but that it 
contained a small quantity of some saline substance, which 
rather depressed its maximum of condensation. This may 
explain why, on employing vessels whose dilatation was almost 
imperceptible, as earthen-ware, for example, Mr. Dalton has 
found the apparent maximum lower than the ordinary term of 
the true maximum, and once among others at + Reau- 
mur ; while Biot’s formula for pure distilled water gives the 
true maximum at 2^74 R., almost l^R. higher than Dalton’s 
servation. 

Mr. Dalton has also observed that in his vessels the water is 
made to stand at equal altitudes by equal changes of tempera- 
ture above or below that which answers to the apparent maxi- 
mum of condensation. This, again, is a consequence of our 
formula. The general expression of the apparent dilatation 
in these lower temperatures is 

A^ = (a — + 

and putting for the temperature at the apparent maximum 
of condensation, we have seen that this temperature is given by 
the equation 

Making, in general, that is, reckoning the temper- 

atures above and below the maximum of apparent conden- 
sation, and substituting this value of t in a.j, there will arise 

A^===(«--K)’r^ -f- 

— K)j?4-2iT^ +36’T'2^ 

4 ~ 

The first line is constant: it is the value of the dilatation 
at the epoch of the maximum of condensation ; we shall 
represent it by A^, The second line has every line multi- 
plied by the first power of t\ m that the factor of if is 
a-«K+26a'^-f-3cT'^ ; and this factor vanishes entirely, since t' 
is determined precisely by the condition of rendering it no- 
thing. ^ Thus, when the requisite reductions are made, the 
expression for A^ will become. 

We have seen that the co-efficient c is very small; for we 
have c = — 0'000{H)002708. Consequently, if the comparison 
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€p=:+ 0 - 0002166 ;. , 

so that this term cannot produce an irregukritj of more than 
about ytiVc' P^R‘t of the total volume of water at 0^; and if we 
take ^=±10®R. it will be eight times less,.' or PRrt of 

the primitive volume. Thus, it is evident, that unless the ex- 
periments have a mathematical precision, the effect of the term 
that contains cannot. be, perceived. Neglasting it, therefore, 
the value of A^is reduced .to 

and this manifestly remains the same at equal values of i whe- 
ther positive or negative ; which is the very property observed 
by, Mr. Dalton. 

The same able philosopher has also observed the quantity 
by which the water is suddenly depressed in vessels of different 
substances, when they are immersed in heated liquid. He found 
that this quantity was different, according to the nature of the 
vessel, and so much the greater, as it is made of a more expan- 
sible substance, Whencehe naturally concluded that this sud- 
den depression is occasioned by the dilatation of the metal, which, 
propagating beat more rapidly than water, becomes heated 
before it and dilates first. What manilests this still better, is 
that the quantities of the depression given by Mr. Dalton are 
very nearly proportional to the cubic dilatations of the sub- 
stances of which the vessels were made. The vessel of pewter 
seemed alone to present an exception. But, if the deviation 
is not to be ascribed to an error of the press, it may arise from 
the extreme difficulty that attends the making of such delicate 
experiments, and oi measuring the sudden depression of the 
water, before it had acquired any sensible augmentation of 
heat. 

17. These researches into the dilatation of liquids are ter- 
minated by pointing out a process which results from them, 
(and which appears both simple and exact) for measuring 
the differences in the dilatations of solid bodies. It con- 
sists in observing the apparent dilatation of a liquid, mer- 
cury for example, in vessels made of the substances whose 
expansions we wish to ascertain, and in observing it always 
between constant temperatures, between 0® and 80° II. for 
instance. This apparent dilatation may be observed very early, 
with all desirable precision. When it becomes known for 
vessels formed of a substance whose cubic dilatation fs k, we 
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shall have bet wen the true and apparent dilatation, a ^ and 
the equation 

Ai(1+kt5=^-kt : 
this gives (l +A^)TK = Ji—A.p. 

For another kind ofvessd subjected to thesame temperatures, 
we shall have, in like manner, 

(1 

remaining the same because the same liquid is employed all 
along. Taking one of these equations from the other St will 
be made to disappear, and there will remain 

( ‘ =A,^- A'^; 

whence we have 

In the actual state of physics, the dilatations of the metals 
are known with sufficient exactness to enable us to employ 
them in computing the small correction dependent on ic in the 
second member in the preceding equation ; then, by putting for 
A , and T, their values observed; — k will become 

known. The accuracy of these values will be so much the 
greater, as A , and are inferred from larger volumes ; and 

thus, also, it will be with respect to the difference — k of the 
cubic dilatations determined by that equation. Perhaps, in 
operating on the most dilatable metals, it will be necessary 
to retain the term proportional to which was neglected 
at the commencement of this paper. It is by farther experi- 
ment we must ascertain whether it will become perceptible. 

To obtain the absolute values of k and by the same pro- 
cedure, the true dilatation must be known for the liquid 

employed in the experiments. This may be ascertained by 
observing that dilatation in a non-dilatable vessel ; and it is 
easy to construct one which shall possess that property, that is 
to say, which shall include the principle of self-compensation, 
when the difference of dilatation in the metals is known. 

M. Biot thinks this process will furnish a simple and exact 
method of comparing the progress of the dilatation of mercury 
with that of metals ; which is now the only thing remaining to 
be done in order to refer all the dilatations to the air thermo- 
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meter^ the most perfect of all : for^ as to the absolute dilatations 
of metals^ they now appear perfectly known by means of the 
experiments of Lavoisier and Laplace. 

Adopting them we possess the means of computing the true 
dilatations of liquids, when we know their apparent ailatations 
in vessels of known nature. To determine the law of these 
latter, relatively to a given liquid, we must commence by con- 
structing a thermometer freed from air, and compare it careful- 
ly with the mercurial thermometer. The co-efficients A, b, c, 
must be determined from three of those observations, and we 
must see whether all the others are comprehended in the same 
law. It will only remain to determine a single value of the 
absolute dilatation between two known temperatures, which 
will be easily effected by means of the weights ; and with these 
data the computation will make known the true or apparent 
volume of the liquid at any temperature whatever. 

Jddition to the preceding paper . — The relations established 
in the foregoing paper, between the dilatations of several liquids 
and the degrees of the mercurial thermometer, are independent 
of all hypothesis. It is sufficient that we can determine by com- 
putation the volume of each of such liquids at a temperature 
given by the thermometer ; or, reciprocally, that w^e can com- 
pute the temperature, the volume being given. 

The apparent dilatation of mercury in glass is taken, here, 
for a standard to which all the others are referred. We mi^ht 
similarly have referred the variable volume to all other dila- 
tations ; its absolute values would then remain the same, but 
the form of the function which expresses it would change. 
This is precisely what has been done by Mr. Dalton in his 

Chemical Philosophy."*’ That able philosopher having re- 
marked that the dilatations of water increased very nearly as 
the squares of the temperatures reckoning from the maximum 
of condensation, has concluded that it ought to be the same 
for all liquids whose composition remains constant during 
their change of volume ; and that if the same law of the squares 
was not strictly observed for water, it was because the progress 
of the mercurial thermometer was not exactly proportional to 
the heat. He has conceived the notion of substituting for this 
latter thermometer an ideal thermometer, which shall be pos- 
sessed of this property, such as we might imagine to be the 
case, for example, in a thermometer of air. He has supposed 
that the dilatations of the mercury, expressed in functions of 
the ideal thermometer, ought equally to observe the law of the 
squares, reckoning from the point of congelation ; and he has 
thought that, on calculating in like manner the dilatations of 
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all the other liquids on this ideal thermometer, they will 
found to conform to the same law. 

This hypothesis gives immediately the form of the function 
which should express the correspondence between the mercurial 
and the ideal thermometer. Conceive both thermometers ad- 
justed to the extreme points of melting ice and boiling water ; 
conceive^ moreover, that in both of them the interval between 
these points is divided into 80 parts, as in the thermometer of 
De Luc. Then, if both instruments be immersed in the same 
liquid, the first indicating x degrees, the second t ; the relation 
of T to according to the hypothesis, will be necessarily of this 
form, 

Since it is necessary that there be a mawimum^ reckoning 
from which it shall vary as the squares of the temperatures ; 
let (t) be the true temperature of that maximum, we shall then 
have 

T 0, orT^^ 4 (0 = 

But, since this ought to answer to the point of congelation of 
mercury, for which we have t = — we shall have 
=== 0 4 - 5 ^ (/)2 

The first of these equations gives (if) : substituting 

this value in the second, it becomes 

8S or =ss: * 

Now, it is necessary that the two thermometers, which before 
coincided at 0®, coincided also at 80 In order to this we must 
have simultaneously T = + 80®, and ^ = -f 80^^, which gives 
the condition 

this, joined to the preceding, determines d and V ; thus they are 
found to be, very nearly, 

264 264 

There is another value of but it is not admissible, because 
it would cause t to diminish while I augments. Substituting, 
then, the above values in the general equation for t, it becomes 

X ’ — ^ f2 

This formula exhibits the correspondence of the mercurial 
thermometer with the ideal thermometer, as it results from Mr. 
Dalton’s hypothesis. In fact, the results which we have de- 
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deduced from it are conformable to those which this able phi- 
losopher has given in his new tables of temperature, pa. 14. 
llie first column of the table contains the number of degrees 
indicated by the ideal thermometer: Mr. Dalton calls them 
true temperatures. The values of t which correspond to them 
form the third column of the table ; the degrees being ail along 
expressed in the division of Fahrenheit, instead of that of 
Reaumur, which we have adopted in this paper. The next co- 
lumn presents the same degrees t affected by the expansion of 
glass. The point on the thermometric scale between 0® and 
80*^, where T differs most Irom answers to / = 40'^, which 
gives T =34®; the difference is 6® by which t exceeds T at 
that period. Mr. Dalton finds 5^*3 for this difference; pro- 
bably because of the minute fractions which we have neglected 
when resolving the equation for by approximation ; and per- 
haps, also, because Mx. Dalton has conducted his computations 
differently, though on the same principles. 

This hypothesis being now reduced to its simplest terms, a 
reflection naturailypresents itself; which is, that considered only 
ill itself, it is extremely improbable, since it assigns necessarily 
to mercury and to all liquids a maximum of true condensation, 
fixed at their point of congelation. In truth, the mere mathe- 
matical enunciation of this hypothesis leads at once, for mer- 
cury, to an expression of the form 

T =a^ t + IH^\ 

where t has necessarily a minimum when 


For, if we make ^ which amounts to the same 

as reckoning the temperatures from the point wdien i = 
_ we shall find 

whence it is evident that the values of t are the smallest pos- 
sible when is nothing, and go on augmenting from that term, 
at least if V be positive. With regard to mercury, for example, 
\NQ shall have 



and consequently t =: — 4“ 

Tims, according to Mr. Daltoifs hypothesis, the common 
mercurial thermometer can never descend low^er than 32® R. 
below zero, which is the point of congelation of that liquid. 
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But this is altogethii' contrary to experience ; for it is known 
that all the liquids hitherto observed may, with certain precau- 
tions, be cooled below their point of congelation without be- 
coming solid, and then, so long as they remain liquid, they wull 
continue to conform to their respective law of dilatation. It is 
thus that water^ for example, dilates by quantities equal as to 
sense, reckoning either way from its maximum of density, to at 
least 10°R. ascending or descending. In like manner, olim oil^ 
which congeals in open air, at a temperature by no means low, 
may be cooled far below that point, nay even to below 0, 

without cea^ng to be liquid, as is proved by the experiments of 
De Luc ; and in that state it continues to contract, according to 
the law which it followed in the rest of the thefmometric scale ; 
since, as we have shown {§ 1 .) that law does not permit a maxi- 
mum of condensation. It is the same with respect to mercury ^ 
as is proved by the disquisition of Mr. Cavendish on Hu tchins’s 
experiments at Hudson’s Bay. For it results from that disqui- 
sition that mercury, as well as other liquids, may be cooled 
below its point effusion without becoming solid, that this fre- 
quently happened in the experiments of Mr. Hutchins, and that 
when it has happened, the mercury, so long as it remained fluid, 
continued to contract progressively to the moment of its solidi- 
fication, when it contracted all at once in a proportion much 
more considerable^. All these results are contrary to the idea 
of such a law of dilatation as is supposed by Mr. Dalton ; and 
the same contradiction will subsist in reference to all liquors 
which contract progressively down to the instant of their solidi- 
fication. 

If, notwithstanding these physical contradictions, we would 
verify the hypothesis of Mr, Dalton even by the experiments 
made in reference to the dilatation of water, which is the prin- 
cipal object he had in yieyr, we shall find that it agrees with it 
much less exactly than the empyrical law deduced from the 
thermometrlcal observations; which is. very natural, since these 
observations have offered to tis an extremely delicate proof on 
which our formulae are moulded. All along we conceive that a 
slight change of the thermometric scale, such as that which re- 
sults from Dalton’s hypothesis between 0 and 80^, cannot pro- 
duce a very considerable effect on a liquid which dilates so 
little as water ; and so much the more as Mr. Dalton has com- 
pensated in part the excess of his scale of true tempemtures by 
the excess of true temperature which he ascribes to the maximum 
of condensation. But the error may become greater in propor- 
tion as we apply that scale to other liquids of which the expan- 

* Phil. Trans, rot Ixxiiu p. 303, New Abridgment* vol. xv. p. 420. 
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sion is comparatively greateivalcoliolj for exampleja»il this, in 
fact, has occurred. Mr. Dalton himself has acknowledged that 
the law of dilatation deduced from his hypothesis do» not 
accord with the thermometrical observations of De Luc, espe- 
cially at high temperatures. Struck with this discordance, he 
has been led to throw^ some doubts on those observations them- 
selves : for, (says he) as the dilatation of alcohol from 62® to 
80° R. most have been conjectural, it may be that De Luc has 
exaggerated it/" But the observations of De Luc, and of many 
other pliilosophers, have long ago shown, that when a liquid is 
included in a vacuum, it may support without boiling temper- 
atures much superior to those at which it boils under the pres- 
sure of common atmospheric air ; and Mr. Dalton"s theory of 
the formation of vapours, assigns an obvious reason for this 
fact. There have also been long made thermometers of alcohol, 
purged of air, which sustain perfectly the temperature of boiling 
water. It appears from our formulae that the dilatation of al- 
cohol between these extreme limits, so far from being irregular 
and capricious, continues to be conformable to itseif, and con- 
forms to the same law at the temperature of boiling water, and 
at 10°R. below zero. Only, as this dilatation is not proportional 
to that of mercury, it is manifest that its absolute value is not 
the same in the different parts of the thermometric scale, Ibr 
the same number of degrees. This is found contirmed in the 
most striking manner, by means of an observation of the ab- 
solute dilatation of alcohol, made by Mr, Dalton himself in a 
glass vessel, between -f-17°.78 R. and + 62°.22R. comprehend- 
ing an interval of 80°. The dilatation in this interval ought 
not to be the same as from 0 to 80°. Calculating by our for- 
mula, we find 

, ' From 0 to; — J7*78,, true dilatation . —0*0209825 

, ..From 0;to “|~62*22, true. dilatation ■ ■ . . -}-0*0919560 , 

Difference, or total dilatation betweeen — 17*78 

and 62*22 . . . +0-1128891 

From which deducting the dilatation of glass , 

-80 k . . . . ■ . 0*0026272 

We have the apparent dilatation between the 

same limits « . , .... . 0*1102019 

The value found experimentally by Mr. Dal- 
ton is 0*110 

This agrees precisely with the computation so far as the deci- 
mals, in me experimented number, serve for the comparispn. 
This confirmation of the formula is so much the more satis- 
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factory, as their determination was independent of all observa- 
tions below zero. 

Mr. Dalton’s work likewise contains a confirmation of the 
value attributed by Biot to the absolute dilatation of water be- 
tween the temperatures of 0 and 80° R. For, from experiment, 
he assigns it at 0*0466, precisely the same as has been inferred 
by Biot from the thermometrical observations of De Luc, com- 
bined with a single determination of the specific gravity of water 
at the temperature of 30 .^2 by Gilpin and Blagden. 

M. Laplace, whose views in relation to physical subjects 
are always as ingenious as extensive and profound, undertook to 
investigate whether it were or were not possible to make the 
term depending on the cubes of the temperatures disappear, 
by referring all the dilatations to an ideal thermometer, in 
functions or which even that of mercury should be expressed 
in the same manner by a simple law of the squares, reckoning 
for each liquid from a different point. But he has assured M. 
Biot that the requisite accuracy cannot be generally acquired 
in this way, at least with the coefficients he has deduced. For 
their signs as well as their values changed for the different 
liquids, in such manner that it is impossible to make the term 
which depends on the cube of the temperature disappear in all 
these liquids, by a single supposition for the dilatation of mercury 
in functions of the ideal thermometer. Perhaps, more exact 
experiments than those made use of by M. Biot may sometime 
lead to the discovery of a more simple law ; but, till then, the 
formulae exhibited in this paper will suffice for the ordinary 
purposes of observers.. See, also, on these subjects, Bland's 
Hydrostatics^ ^ viii. 

THRASHING machines, in a country like ours, where 
agriculture has been so successfully cultivated, can hardly be 
denied to be of great utility : for which reason, although these 
machines are not yet brought to .such a state of perfection as is 
to be wished, we conceive it will not be improper to give an 
account of some of the most ingenious. 

The first thrashing-machine which has come to our know- 
ledge is that manufactured in 1732, by Mr, Michael Menzies of 
Edinburgh ; it consisted, as far as we have been able to ascer- 
tain, of numerous instruments resembling flails, which were 
attached to a moveable beam, and inclined to the latter in an 
angle of ten degrees. On each side of such beam were placed 
floors, or benches, on which the sheaves were spread ; the flails 
being moved forward and backward on these benches by a 
crank that was fixed to the end of an axle, revolving about 
thirty times in a minute. 

The second machine was invented in 1753 by Mr, Michael 


Til II A«lil NG M'ACili NES. 


517 



of Dumbkne, Perthshire : Ills first models were very 
imperfect ; bat, after repeated alteratiooSj he completed it in 
its present form, in 1758 ; and it now consists of an outer, or 
water-wheel, having an inner wheel, furnished with forty-eight 

I cogs, and turning on the same axle. With this cog-wheel is 

connected a vertical trundle, or pinion, with seven notches; 
and the axle of which passes through a floor above the wheel ; 
its upper pivot being secured in a beam six inches above the 
floor. At the height of three feet three inches from the latter, 
two straight pieces of squared wood (each bein^ four feet in 
length) are inserted through the axle of the pinion, at right 
angles, so as to form four arms that are moved round horizon- 
tail j. To the end of these arms are affixed four iron plates, 

each twenty inches in length, and eight inches in breadth at the 
j extremity nearest to the arms, but tapering to a point at the 

I' O'pposite ends,''. 

The horizontal fly, here described, constitutes four thrashers, 
and is inclosed in a cylindrical wooden box, that is three and a 
half feet high, and eight feet in diameter : on the top of this 
box is an opening eight inches in width, extending a foot and 
a half from the circumference to its centre, and through which 
the sheaves of corn descend ; the latter being previously opened, 
and laid separately on a board provided with two ledges gra- 
( dually declining towards such port, or opening. Within the 

cylindrical box there is an inclined plane, along which the 
straw and grain fall into a wire-riddle two feet square, that is 
placed immediately beneath a hole of a similar size : the riddle 
is jerhed at each revolution of the spindle, by means of a knob 
fixed on its side ; and is thrust backward by a small spring that 
presses it in a contrary direction. Thus, the short straw, to- 
gether with the grain and chaff, that pass through the wide 
riddle, fall instantly into an oblong straight riddle, one end of 
, which is raised, and the other depressed, by a similar contri- 

vance. And, as the riddle last mentioned is not provided with 
a ledge at the lower end, the long chaff, which cannot pass 
through, drops thence to the ground, while the grain and 
smaller chaff descend into a pair of common barn-fanners, and 
are thus separated with great exactness. These fanners are 
moved by means of a rope, that runs in a shallow groove cut 
on the circumference of the cog-wheel. In the meantime, the 
straw collected in the lower part of the box over the wide 
riddle, and through an opening two feet and a half square, is 
drawn down to the ground with a rake, by the persons em- 
ployed to form it into trusses. 

In 177S, another thrashing-machine was invented by Mr. 

of Alnwick, and Mr, of Wark, Northumber- 
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land. The operation was performed by rubbing ; the sheaves 
being carried round between an indented drum six feet in dia- 
meter, and numerous indented rollers, that were arranged round, 
and attached to, this drum by means of springs ; so that during 
the revolution of the machinery, the corn was separated from 
the straw by constant friction against the flutings of the drum. 
But this contrivance was soon disused ; as many grains were 
thus crushed between the rollers. 

The next invention is that of Mr. Andrew MeiMe, in 1785, 
who obtained a patent, which is now expired ; we ha^’^e there- 
fore given a plate (XXXIV), representing in fig. 1. the plan 
of elevation ; in fiig. the ground plan ; and in fig. 3. the es- 
sential parts of the machinery, so as to convey a tolerably ac- 
l^urate idea of his principle. 

A (fig. 1. and 2.) is a large horizontal spur-wheel, which has 
276 cogs, and moves the pinion b, having fourteen teeth. The 
latter imparts motion to a crown-wheel, c, that is provided with 
eighty-four cogs, and moves a second pinion, n, which is fur- 
nished with sixteen teeth. This pinion d turns the drum hik l 
(fig. 1 . S. and 3.), being a hollow cylinder, three feet and a half 
in diameter, and placed horizontally : on its outside are fixed, 
by means of screw-bolts, four scutchers, or pieces of wood, one 
side of which is faced with a thin iron plate ; and winch are 
disposed at an equal distance from each other, and at right 
angles to the axis of the drum. 

p (fig. 2. and 3.) is an inclined board, on which the sheaves 
are spread, and whence they are introduced Betv/een tw^o fluted 
cast-iron rollers, o, g (fig. 3.), that are three and a half inches 
in diameter, and revolve about thirty-five times in one minute. 
These rollers being only three-fourths of an inch from the 
scutchers or leaves of the drum hikl (fig. 1. and 2.), serve to 
kaep the sheaves steady, while the scutchers a, c, df, (fig. 2. 
and 3.) move with considerable velocity, and thus separate the 
grain from the straw, while both are thrown on the concave 
r^k M (fig, 2.), which lies horizontally with slender parallel 
ribs ; so that the corn may pass through them into the subja- 
cent hopper X (fig. 1. and 3.). 

o (fig. 3.) is a riddle or harp, through which the corn drops 
into a pair of fanners, p (fig. 1. and 3.), and from these it is 
generally obtained in a state fit for the market. 

<^RTs is a rake, consisting of four leaves, or thin pieces of 
wood ; at the extremity of each is placed a row of teeth, 
g, h, that are five inches long. This rake moves in the con- 
cave rack M, (fig. 2.), in a circular direction ; while the teeth 
cntch the straw that had been thrown by the scutchers a, 5, c, 
into the rack, and remove it to the contiguous place, v. 


w (fig. L) represents the horse’s course, which is twenty - 
seven feet in diameter. 

X (fig. 1. and 2.) is the pillar for supporting the beams on 
which the axle of the spur-wheel is fixed. 

Y, y, Y (fig. i .), and y, y (fig. show the spindles, the 
design of which is to move the two fluted rollers, the rake, and 
the tanners. 

To the description now given we have only to add, that the 
dram has a covering of wood at a smali distance above it, for 
th^urpose of keeping the sheaves close to the scutchers. 

The number of persons requisite for attending the mill when 
working is six : one person drives the horses ; a second hands 
the sheaves to a third who unties them, while a fourth spreads 
them on the inclined boards, and presses them gently between 
the rollers : a fifth person is necessary to riddle the corn as it 
falls from the fanners, and a sixth to remove the straw. 

This machine can be moved equally well by water, wind, or 
horses. Mr. Meikle has made such improvements on the wind- 
mill as to render it much more manageable and convenient than 
formerly ; and we are informed many wind-mills are now erect- 
ing in different parts of the country. As to the comparative 
expense of these different machines, the erection of the horse- 
machine is least ; but then the expense of employing horses 
must be taken into consideration. One of this kind may be 
erected for 701 A water-mill will cost 10/. more, on account 
of the expenseofthe water-wheel. A wind-mill will cost from 
2001 to 300/. sterling. 

In thrashing-machines, however, cheapness should not be 
the only consideration. It often happens in machinery, that 
things apparently cheap are ultimately ve^ dear. Thrashing 
of corn requires a strong power, which neither weak men nor 
slight machines are competent to. On this account, strong and 
durable machines are to be recommended as cheapest in the 
end ; performing more work, in a better manner, and not need- 
ing frequent repairs. 

Some other well-constructed thrashing-machines are described 
in Gray’s Experienced Millwright, Bailey’s Descriptions of 
Machines approved by the Society of Arts, in the Repertory 
of Arts and Manufactures, the 2d yol. of Dr. Brewster’s 
Ferguson, and the 1 1th voL of the Pantolo^a. 

With respect to the quantity of corn which a machine will 
thrash in a given time, it is not easy to give an^ precise infor- 
mation; the most important we have yet met with is given by 
Mr. Fenwick, who found from numerous experiments that a 
power capable of raising a weight of 1000 pounds with a uni- 
form velocity of fifteen Teet per minute, will thrash two bolls 
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(eight bushels) of wheat in an hour; and that a power suificient 
to raise the same weight with a velocity of twenty-two feet per 
minute will thrash three bolls of the same grain in an hour. 
From these facts, this gentleman has computed the following 
table, which is applicable to raachlnes that are driven either by 
water or horses. 

of the power of thrmhing-machines. 



['"1 

1 2 ■■ i 

1 '3 

4 

5 

6 

2 

3 

5 

7 

9 

10 

19 

284 

474 

664 

854 

95 

4 

5 

6 




The first four columns of the pi’eceding table contain dif- 
ferent quantities of impelling power, and the last two exhibit 
the number of bolls of wheat in Winchester measure which 
such powers are capable of thrashing in an hour, or in a day. 
Six homes, for example, are capable of thrashing ten bolls 
of wheat in an hour, or ninety-five in the space of nine hours 
and a half, or a working day ; and 680 gallons of water dis- 
charged into the buckets of an overshot water-wheel of 15 feet 
diameter during a minute wall thrash the same quantity of 
grain* 

TIDE-MILLS, as their name imports, are such as employ 
for their first mover the flowing and ebbing tide, either in the 
sea or a river. 

Mills of this kind have not often, we believe, been erected in 
England, though several of our rivers, and particularly the 
Thames, the Humber, and the Severn, in which the tide rises 
to a great height, furnish a very powerful mover to drive any 
kind of machinery, and would allow of tide-mills being very 
advantageously constructed upon their banks. The erection of 
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such mills is not to be recommended universally, as they are at- 
tended with a considerable original expense ; besides that some 
oi their parts will require frequent repairs : but in some places 
where coals are %'ery dear they may, on the whole, be found less 
expensive than steam-engines to perform the same work, and 
may on that account be preferred even to them. 

We have not been able to ascertain who was the first con- 
triver of a tide-mill in this country, nor at what time one was 
first erected. The French have not been so negligent respecting 
the origin of this important invention as to let it drop into ob- 
seuritj ; but have taken care to inform us that such mills were 
used m France early in the last century, Belidor mentions tlie 
name of the inventor, at the same time that he states some pe- 
culiar advantages of this species of machine. L’on en at- 
tribue,’’ says he, la premiere invention ^ un nomme Perse^ 
maitre charpentier de jDunkerque, qui merite assur^ment beau- 
coup d’^Ioge, nV ayant point de gioire plus digne d’un bon 
citoyen, que celle de prodiiire, qiielqu’ invention utile a la so- 
ciete. En effet, combien n‘'y-a-t-il point de choses essentielles 
a la vie, dont on ne connoit le prixque quand on enest prive ? 
Les moulins en general sont dans ce cas-la. On doit scavoir bon 
gr6 a ceux qui nous ont mis en etat d'‘en construire par-tout : 
par exemple a Calais, comme il n’y serpente point de rivieres, 
on n’y a point fait jusqu’ici de niouiins a eau, & ceux qui vont 
par le vent chomant on partie de lannee, il y a des terns oii cette 
ville se trouve sans farine ; & j’ai vu la garnison en 1 730, obligee 
de faire venir du pain de Saint-Omer, au lieu qu’en se servant 
du flux & reflux de la mer, on pourroit construire autant de 
moulins a eau que Ton voudroit : il y a d’autres villes dans le 
voisinage de la mer sujettes au meme inconvenient, parce qif 
apparemeiit dies ignorent le moyen d’y Eemedier/ 

Mills to be worked by the rising and falling of the tide admit 
of great variety in the essential parts of their construction ; but 
this variety may perhaps be reduced to four general heads, ac- 
cording to the manner of action of the water-wheeL 1, The 
water-wheel may turn one way when the tide rises, and the 
contrary when it falls. £. The water-wheel maybe made to turn 
always in one direction. 3. The water-wheel may fall and rise 
as the tide ebbs andflows. 4 The axle of the water-wheel may 
be so fixed as that it shall neither rise nor fall, though the ro- 
tatory motion shall be given to the wheel, while at one time it 
is only partly, at another completely, immersed in the fluid. 
In the mills we have examined, the first and third of these di- 
visions have been usually exemplified in one machine; and the 
second and fourth may readily be united in another: we shall, 
therefore, speak of them under two divisions only. 





5S2 


MACHINES. 


1. When the water-mheel rises amd falls ^ and turns one xmy 
with the rising tide, and the contrary token it ebbs. In order 
to explain the nature of this species of tide-mill, we shall de- 
scribe one which has been erected on the right bank of the 
Thames at East Greenwich, under the direction of Mr. John 
Lloyd, an ingenious engineer, of Brewer’s-green, Westminster. 

This mill is intended to grind corn, and works 8 pairs of 
stones. The side of the mill-house parallel to the course of the 
river measures 40 feet within ; and as the whole of this may be 
opened to the river by sluice-gates, which are carried down to 
the low water-mark in the river, there is a forty^feet water-way 
to the mill : through this water-way the water passes during the 
rising tide into a large reservoir, which occupies about 4 acres 
of land : and beyond this reservoir is a smaller one, in which 
water is kept for the purpose of being let out occasionally at 
low water to cleanse the whole works from mud and sediment, 
which would otherwise in time clog the machinery. The 
water-wheel has its axle in a position parallel to the side of the 
river, that is, parallel to the sluice-gates which admit water 
from the inver : the length of this wheel is 26 feet, its diameter 
11 feet, and its number of float-boards S2. These boards do 
not each run on in one plane from one end of the wheel to the 
other, but the whole length of the wheel is divided into four 
equal portions, and the parts of the float-boards belonging to 
each of these portions fall gradually one lower than another, 
each by one-fourth of the distance from one hoard to another, 
measuring on the circumference of the wheel. This contri- 
vance, which will be better understood by referring to fig. 6. 
pi. XXXV. (showing a part of the wheel), is intended to equal- 
ize the action of the water upon the wheel, and prevent its 
moving by jerks. The wheel, with its incumbent apparatus, 
weighs about 20 tons, the whole of which is raised by the im- 
pulse of the flowing tide when admitted through the sluice- 
gates. It is placed in the middle of the water-way, leaving a 
passage on each side of about 6 feet for the water to flow into 
the reservoir, besides that which in its motion turns the wheel 
round. Soon after the tide has risen to the highest (which at 
this mill is often 20 feet above the low water-max'k), the water 
is permitted to run back again from the reservoir into the river, 
and by this means it gives a rotatory motion to the water-wheel, 
in a contrary direction to that with which it moved when im- 
pelled by the rising tide : the contrivance by which the wheel is 
raised and depressed, and that by which the whole interior mo- 
tions of the mill are preserved in the same direction, although 
that in which the water-wheel moves is changed, are so truly 
ingenious as to deserve a distinct description, illustrated by dia- 
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grams. Let, then, ab (fig. 5. pL XXX V.) be a sectioE of the 
water-wheel, 1, % 3, 4, 6,5 &c. its ■ floats, cb the first cog- 
w iieel upon the same axis as the water-wheel : the vertical shaft 
FE carries the two equal wallower- wheels E and f, which are 
so situated on the shaft that one or other of them may, as oc- 
casion requires, be brought to be driven by the first wheel cn ; 
and thus (by what has been said under the article Heveesikg 
of mot iom) the first wheel acting upon f and e at points dia- 
metrically opposite, will, although its own motion is reversed, 
communicate the rotatory motion to the vertical shaft always in 
the same direction. In the figure the wheel e is shown in gear, 
while F is clear of the cog-wmeel cn ; and at the turn of the 
tide the wheel f is let into gear, and e is thrown out: this 
is effected by the lever g, whose fulcrum is at H, the other end 
being suspended by the rack k, which has hold of the pinion 
L on the same axle as the wheel m ; into this wheel plays the 
pinion H, the winch o on the other end of whose axle fur- 
nishes siifficient advantage to enable a man to elevate or de- 
press the wallower-wheds, as required. The centre of the 
lever may be shown more clearly by fig. 6. pL XXXV. where 

is a section of the lever, which is composed of two strong 
bars of iron, as ab : there are two steel studs or pins which 
work in the grooves of the grooved wheel i, this wheel being 
fixed on the four rods surrounding the shaft, of which three 
only can be shown in the figures, as c, c ; the ends of these 
are screwed fast by bolts to the sockets of the wallower-wheels, 
and they are nicely fitted on the vertical shaft, so as to slide with 
little friction : thus the wallowers may be raised or lowered 
upon the upright shaft, while the gudgeon on which it turns 
retains the same position. When the top wallower is in gear, 
it rests on a shoulder that prevents it from going too far down; 
and when the bottom one is in gear there is a bolt that goes 
through the top w^heel socket and shaft, which takes the w^eight 
from the lever g, at the same time that it prevents much fric- 
tion on the studs or pins of the lever which works in the 
grooved wheel i. 

When the tide is flowing, after the mill has stopped a suffi- 
cient time to gain a moderate head of water, the fluid is suffered 
to enter and fall upon the wheel at the sluice ^ (fig. 5.), and 
the tail-water to run out at the sluice e. The hydrostatic 
pressure of the head of water acting against the bottom of the 
wheel-frame s, and at the same time acting between the fold- 
ing-gates a:w, which are thus converted into a very large hydro- 
static bellows, buoys up the wheel and frame (thougii weigh- 
ing, as before observed, nearly 20 tons), and makes them gra- 
dually to rise higher and higher, so that the wheel is never, as 


MACHIKES. 


.524 

the workmen express it, drowned in the flowing water ; nor 
can the water escape nnder the wheel-frame, being prevented 
bj the folding-gates, which pass from one end to the other of 
the wheel. In this way the wheel and frame are buoyed up by 
a bead of 4 feet; and the mill works with a head of 5 or oj: 
.feet , ^ ■ . . . , 

When the tide is ebbing, and the water from the reservoir 
running back again into the river, it might perhaps be expected 
that in consequence of the gradual subsiding of the water the 
water-wheel should as grMually lower: but lest any of the 
water confined between the wheel-frame at s and the folding- 
gates TW should prevent this, there are strong rackworks of 
cast-iron, by which the wheel-frame can be either suspended at 
any altitude or gradually let down so as to give the water re- 
turning from the reservoir an advantageous head upon the 
wheel : then the sluice r is shut, and v opened as well as x, the 
waterentering at xto act upon the wheei,ancl flowing out at r. 
The upper surface of the wheel-frame is quadrangular, and at 
each angle is a strong castdron bar, which slides up and down 
in a proper groove, that admits of the vertical motion, but pre- 
vents all such lateral deviation as might be occasioned by the 
impulsion of the stream. 

At each end of the water-wheel there is a vertical shaft, with 
wallowers and a first cog-wheel, as f, e, and cd ; and each of 
these vertical shafts turns a large horizontal wheel at a suitable 
distance above the wallowers, while each horizontal wheel 
drives 4 equal pinions placed at equal or quadrantai distances 
on its periphery, each pinion having a vertical spindle, on the 
upper part of which the upper millstone of its respective pair 
is fixed. Other wheels driven by one or other of these pinions 
giving motion to the bolting and dressing machines, and dif. 
ferent subordinate parts of the mill. 

Although the vertical shaft at each end of the water-wheel 
rises and falls with that wheel, yet the large horizontal wheel 
turning with such shaft does not likewise rise and /all, but re- 
mains always in the same horizontal plane, and in contact 
with the four pinions it drives. The contrivance for this pur- 
pose is very simple, but very efficacious : each great horizontal 
wheel has a nave, which runs upon friction-rollers, and has a 
square aperture passing through it vertically, just large enough 
to allow the shaft p to slide freely up and down in it, but not 
to turn round without communicating its rotatory motion to 
the wheel; thus the weight of the wheel causes it to press 
upon the ftiction-roliers, and retain the same horizontal planes, 
and the action of the angles of the vertical shaft upon the cor- 
responding parts of the square orifice in the nave causes it to 
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partake of the rotatory motion, such tiiotion being always in 
one direction, in consequence of tlie contrivance by which one 
or other of the waliowers ef is brought into contact with the 
opposite points of the first cog-wheel CD. 

Several of the subordinate parts of this mill are admirably 
constructed ; but we can only notice here the means by which 
the direction of the motion in the dressing and bolting ma- 
chines may be varied at pleasure. On a vertical shaft are fixed, 
at the distance of about 15 or 18 inches, two equal cog-wheels, 
and another toothed wheel attached to a horizontal axle is made 
so as to be moveable up and down by a screw, and thus brought 
into contact with either the upper or lower of the two cog- 
wheels on the vertical shaft; thus, it is manifest the motion is 
reversed with great facility by changing the position of the 
horizontal axle so that the wheel upon it may be driven by the 
two cog-wheels alternately. A wheel and pinion working at 
the other end of the horizontal axle will communicate the mo- 
tion to the dressing-machines. 

Mr. W. Dryden, Mr, Lloyd’’s foreman, employed in the 
erection of this mill, suggests that a nearly similar mode may 
be advantageously adopted in working the dressing-machines 
in wind-mills ; three wheels, all of different diameters, may be 
employed, two of them, as a and c, turning upon a vertical shaft, 
and the third, b, upon an inclined one. In fig. 10. pi. XXX V. 
the wheels a and b are shown in gear, while c is out : and if a 
be struck out by some such contrivance as is adopted with 
regard to the first cog-wheel and wallowers (fig. 5. 6.), c would 
come in contact with b, while a would be free, and so commu- 
nicate a motion to B the reverse w^ay. By this contrivance it 
would be easy, when the winds are strong and give a rapid 
motion to the vertical axle, to bring c to drive b the wheel on 
the axle of the dressing-machines ; and, on the contrary, wdien 
the wind was slack, and the consequent motion of the machi- 
nery slow, let c be thrown out of gear and the wheel b driven 
by the larger wheel a, as shown in the figure. 

We should have been glad to see adopted in this well con- 
structed mill a contrivance recommended and pursued by the 
American millwrights, for raising the ground corn to the 
cooling-boxes or beaches from which it is to be conveyed into 
the bolting machine. In this mill, as in all we have seen, the 
corn is put into bags at the troughs below the mill-stones, and 
thence raised to the top of the mill-house by a rope, folding 
upon barrels turned by some of the interior machinery of the 
mill. In the American method a large screw is placed hori- 
zontally in the trough which receives the flour from the mill- 
stones. The thread or spiral line of the screw is composed of 
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pieces of wood about two mches broad and three long, fixed 
into a wooden cylinder se?en or eight feet in lengthy which 
forms the axis of the screw. When the screw is turned round 
this axis, it forces the meal from one end of the trough to the 
other, where it fails into another trough, from which it is raised 
to the top of the milhhbuse by means of elevators, a piece of 
machinery similar to the chain»pump- These elevators consist 
of a chain of buckets or concave vessels like large tea-cups, 
fixed at proper distances upon a leathmi band, which goes 
round two wheels, one of which is placed at the top of the 
mill-house, and the other at the bottom, in the meal-trough. 
When the wheels are put inmofion, the band revolves, and ti)e 
buckets, dipping into the m^-trough, convey the flour to the 
upper story, where they discharge their contents. The band of 
buckets is inclosed in two square boxes, in order to keep them 
clean, and preserve them from injury. 

But it is time to direct our attention, 

Si. To tide-milU in which the axle of the water-wheel neither 
rises nor fallSy and m which that wheel is made always to re- 
*voh)e in the same direction, 

A water-wheel of this kind must manifestly, at the time of 
high-tide, be almost if not entirely immersed in the fluid : and 
to construct a wheel to work under such circumstances is, ob- 
viously, a matter which requires no small skill and ingenuity, 

The first persons who devised a wheel which might be turned 
by the tide, when completely immersed in it, were Messrs. 
Gosset and de la TeuUle, Their wheel is described by Belidor 
in nearly the following terms: Suppose oh (fig. lS.pL XX XV.) 
to denote the surface of the water at high-tide, the line lm the 
surface at low water, and that the current follows the direction 
of the arrow n ; the problem is to construct the wheel such 
that it may always turn upon its axis ik. The figure just 
rrferrred to is a profile of an assemblage of carpentry which 
must be repeated several times along the arbor, according to 
the length which it is proposed to give to the float-boards ; and 
the planks or plates which compose these floats must be hung 
to the other parts of the frame by as many joints as are neces- 
sary to enable them to sustain the impulse of the water without 
bending. The sole peculiarity of this wheel consists in hang- 
ing upon the transverse beams in the frame- work, by hinges, 
the planks which are to compose the float-boards ; so that they 
may present themselves in face, as, n, n, n, when they are at 
the bottom of the wheel, to receive the full stroke of the 
stream ; and, on the contrary, they present only their edges, as 
at A, A, A, when they are brought towards the summit of the 
wheel : hence, the water having a far greater effect upon the 
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lower than the upper parts of the wheel, compels it to resolve 
in the order of the letters ; instead of which, if the float-boards 
were fixed, as in the usual way, the impulse'^ of . the fluid upon 
the wheel would be nearly the same in all 'its parts, and it 
, would remain immoveable. 

•, We see, at once, that the boards n,-!), n, having moved ■ to- _ 

wards m, then begin to float, as at e, e, e, and more still at f,; f,' 

but that it is not till they arrive at a, a, a, that they attam the 
horizontal position; after that, having arrived at b, B, b, they 
begin to drop towards the beams to which they are hooked, ana 
as soon as they have passed the level of the axle ik, the stream 
commences its full action upon them, which it attains com- 
pletely between c, c, c, and e, e, e, and this whether the surface 

, of the water be at gh or at em ; for even in the latter case it is 

manifest that the float-boards are entirely immersed when in the 
vertical position PQ. Belidor says he was present at the first 
trial of such a wheel at Paris, and that it was attended with all 
the success that could be desired. 

A water-wheel has been lately invented by Mr. Dryden, 
which will work when nearly immersed in waler of a flowing 
tide. Fig. 4. pi. XXXV. is an elevation of this wheel, its 
upper parts being supposed to stand a foot or two higher than 
the tide ever rises : the axis of this wheel remains always in one 
place, and the wheel will work at high w’ater when the head is 
at B and the tail-water at the dotted line a ; it will also perform 
nearly the same work when the head is at c, and the tail-water 
level with the bottom of the wheel. The floats are all set at 
one and the same angle with the respective radii of the wheel, 
as may be seen in the figure, and are made so as to have an 
opening of at least an inch between each float and the drum- 
boarding of the wheel. This opening is intended to prevent 
the wheel from being impeded by the tail-water ; for as the 
bucket rises out of the w^ater there can be no vacuum formed 
in it, there being a full supply of air, in consequence of whicli 
the water leaves the wlieel deliberately. The case is different 
with regard to wheels made in the common way : for if such 
are open wheels, the floats are made in such a manner as to 
throw the tail-water if they are immersed any depth in it ; or, 
if they are the wheel wants proper vent for the air to 
; prevent the formation of a vacuum in the rising bucket, or what 

is called by the miller sucking up the tail-water.” At b is 
planking made circular, to fit the wheel pretty close for rather 
more than the space of two floats, go as to confine the water 
nearly close to the wheel, e, f, g, h, are sluices which are 
all connected together by the iron-bar i, and lifted with the 
assistance of a wheel, two pinions, and a winch, the first pinion 
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working into the rack k : these sluices are merely for stopping 
the wheel when occasion requires, although one might be sut- 
ficient to supply the wheel. The rings of this wheel may be 
made either of cast-iron or of wood ; the floats may be iron 
plates riveted together. The flanches on the arms of the wheel 
exhibited in the sketch are intended to facilitate the fixing of 
the first cog-wheel : the ring of the wheel may be fixed to the 
flanches at the extremity of uie arms^ and the large flanch made 
fast to the axle will receive the middle part of the w’-heeL 
Fig. 4 pi. XXXVIL is a plan of the house in which either 
of the two latter wheels may be fixed, showing in what manner 
the water may be conveyed always on one side of the wheel by 
the assistance of the four gates a, b, c, and n. When the mill is 
working from the river, a and b are open, the arrows point out 
the way the water runs from the river to the basin ; and the 
dotted lines, on the contrary, the course from the basin to the 
river, when a, b, are shut, and c, n, opened. These gates are 
made to turn on an axle, which is about six inches from the 
middle of the gate : and on the top of the axle is a half-wheel : 
by some crane-work connected to it, the gate can be opened or 
shut at pleasure : when a head of water passes against the gates, 
they will open great part of the way of themselves, by only let- 
ting the catches that keep them shut be lifted out of their place. 
X, Y, are two knees of cast iron, to support the posts that the 
gates are fixed to. The walls of the building are represented 
at a, 5, c, and d. 

The reader will now be able to form an estimate of the 
comparative value and ingenuity of the two kinds of lide-mills 
here described. The simplicity of construction of the wheels 
of Gosset, de la Deuille, and Dryden, recommend them 
strongly; but we entertain some doubts of their being com- 
pletely successful in practice : had the curious wheel with the 
folding-gates, &c. figs. 5. 6. pi. XXXV. been placed with 
its axle perpendicular instead of parallel to the course of the 
river, the water might then have always been admitted to act 
upon the same side of it, and the hydrostatic pressure would 
have operated as completely in lowering it continually during 
the time of ebb, as in raising it continually during the rising of 
the tide : thus, as appears to us, would the labour of a man be 
saved, who according to the present construction must attend 
the water-wheel ; and all the additional apparatus now requi- 
site to shift the spur-wheels would at the same time be saved, 
and a consequent dimintlRon of original expense. 

W e shall annex to this article a description of an improve- 
ment on tide-mills, to make them work as well at high and low 
water as any other time of tide, by Mr» John Isaac Hawkins. 
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Mr. Hawkins's improvement consists in having a , 

be filled by the tide at high water, through a canal 
with a valve-sluice, so as to let the water pa^ m o * of this 
but not to go back again the same way. The co ^ „.p„„s 

reservoir or upper pond is to be conveyed y _ le * „„other 

over or under a water-wheel, and then received 
reservoir or lower pond, where it is retained 
low water, when it opens another valve *sl nice, an _ ^ ir^an 

itself into the river or sea, from whence 

this principle, a constant fall of water Vthe 

lower pond is obtained by means ot the rising 
tide, and that without requiring any person to attend »o ’ 
tom- the water is hi'gher in the river or sea than \n the 
.inner nond. it will open the sluice and fill the pona, anu 
XcS’is W, in'therlvar o. the ower pond. 

the weight of water in the latter will open the • . 

To a^dopt this plan in places vvhere the f “cral Im-cl ol the 

land is abL halVway between b gh 

more would be necessary than to dig lirrwi foi m^^^^^ 

with the same earth make an embankment, 

f”tdtt irr.’’ "She 

’iheel eiiaheel to Mc^of oTtlie“a'te" 

of the tide, and until wiihm f ?/,3 ^e main pond as 

woeld ’l' slackening, the cpmimini- 

must be shut, and the currra ^ ^ the satim time the tide must 
turned into the lower f other channel, and 

be admitted into the . time the lower pond 

the upper ?«xiliarydikpas_e fil ed. By 

is full the tide will be l unning _ the’nrdina'ry way, by the 

the wheel being turned bac w. . ’_b „v throimh the w-ater- 

XSlt f Km f Sy “dS 

iTeTS retand ,l,e„'’ll.ch.rged h,» Ae n.en 
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or sea, and the main and lower auxiliary ponds allowed to 
empty themselves. 

We willingly give place to this improvement in the forma- 
tion of reservoirs for tide-raills, because, notwithstanding the 
great utility and advantage of this kind of machinery, but little 
has been published relative to it in this country. (Retrospect^ 
No. 15 .) ■ ■ ^ 

TURNING, the art of forming hard bodies, as wood, ivory, 
iron, into a round or oval shape by means of a machine called 
a lathe* This art was well known to the ancients, and seems 
to have been carried by them to a very great degree of per- 
fection; at least, if we believe the testimony or Pliny and 
several other authors, who tell us, that those precious vases en- 
riched with figures in half- relief, which still adorn our cabinets, 
were turned on the lathe. 

The art of turning is of considerable importance, as it con- 
tributes essentially to the perfection of several other arts. The 
architect uses it for many ornaments both within and without 
highly-finished houses. The mathematician, the astronomer, 
and the natural philosopher, have recourse to it, not only to 
embellish their instruments, but also to give them the necessary 
dimension and precision : and it is an art absolutely necessary to 
the goldsmith, the watchmaker, the joiner, and the smith. 

Turning is performed by the lathe, of which there are various 
kinds, and several instruments, as gouges, chisels, drills, formers, 
screw-tails, used for cutting what is to be turned into its 
proper form as the lathe revolves. The most simple kind of 
lathe is a well-known instrument, and need not be described 
here: the improved lathes manufactured by Messrs. 
and Fields of Lambeth Marsh, are both curious and useful. 
Mr. cT. jun. who took the drawings of these elegant 

specimens of mechanical ingenuity, has accompanied them 
with a description, nearly as below. a (pi. XXXVI. 
fig, 1.) is the great wheel, with four grooves on the rim ; it is 
worked by a crank b and treadle c, in the common way; the 
catgut which goes round this wheel passes also round a smaller 
wdieel D, called the mandrel^ which has four grooves on its 
circumference of different diameters for giving it different 
velocities, corresponding with the four grooves on the great 
wheel A. fn order to make the same band suit, when applied 
to all the different grooves on the mandrel n, the w'heel a can 
be elevated or depressed by a screw and another at the other 
end of the axle ; and tbcFconnecting-rod c can be lengthened 
or shortened by screwing the hooks at each end of it further 
out of^ or into iL The end m, fig. 2., of the spindle of the 
mandrel d, is pointed,^and works in a hole in the end of a 
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sere\v,j>iit,tbroiigIi' the E, %* L; the other end 

of the beariog f, lig. t!. is conicah and \\orksio a conical 
socket in tlie standard fig. 1. so tliat by liglilening up the 
screw in e, the conical end f may at any time be made to fit 
its socket : the poppet o has a cyiindric hole through its top 
to receive the polished pointed rod d, which is morecl by 
t!ie screw f, and fixed by the screw f ; the whole puppet is 
fixed on the triaogiilar prismatic bar h, by a clamp, fig. S., 
the two ends of which, o, 6, are pot through holes, 5, in the 
bottom of the puppet under the bar, and the whole is fixed 
by t!ie screw e pressing against it ; by this means, the puppet 
can be taken olF tlie bar witliout first taking oif the standiird 
1, as in the common lathes : and the triaiignlar bar is found 
to be far preferable to the double rectangular one in com- 
mon use. The rest j is a similar contrivance ; it is in three 
pieces; see figs. 3. 4. and 5. Fig. 4, is a piece, the opening 
(V/, /^5 €,) in which is laid upon the bar ir, fig. i.: the four legs 
dddd of fig. .5. are then put up under the bar (into the recesses 
in fig, 4. which are made to receive them) so that the notches in 
dddd may be level with the top of fig. 4., the two beads efin 
fig. S. are then slid into the notches in the top of ddddj fig. 4. 
to keep the whole together ; the groove / is to receive a corre- 
sponding piece on fig. 0., to steady it; the whole of fig. S. 
has a metallic cover, to keep the chips out of the grooves. It is 
plain, that by tightening the screw A in the bottom of fig. 4. 
the whole will be fixed and prevented from sliding along the 
bar H, and fig. 3. from sliding in a direction perpendicular to 
the bar; the piece Z, fig. 3., on which the tool is laid, can be 
raised or lowered at pleasure, and fixed by the scre w m. On 
the end ?i of the spindle p, figs. 1. and 2., is screwed occasion- 
ally an imwersal ciiucx for holding any kind of work whicl) is 
to be turned (see fig. 6.). a is the female screw to receive the 
screw ?/, fig. {.; near the bottom of the screw a is anotiier 
screw BB, which is prevented from moving endways by a collar 
in the miciclle of it fixed to the screw a ; one end of the screw 
BB is cut right liandedy and the other handed ; so that by 

turning the screw one way, the two nuts ef tvlll recede from 
each other, or by turning it the contrary way, they will ad- 
vance towards each other : the two nuts ef pass through an 
opening in the plate c, and project beyond the same, carrying 
jaws like those of a vice, by which the subject to be turned is 
'held.'",' 

For turning faces of wheels, hollow work, &c. where great 
accuracy is wanted, Mr. Mauds f ay contrived a curious 
apparatus which he calls a represented by fig, 7., 

where fee is the opening to receive the bar 1., and it is 

fixed by the clamp, fig. 8. as before described: the tool for 

M, M 2 , 
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cutting, &c. is fixed in the two holders W; by their screws ; 
these holders are fastened to a sliding-plate which can be 
moved backwards and foi'wards by the screw c, caosing the 
tool to advance or recede ; fig. 9. represents the underside 
(turned upward) of the part A A, in which the screw c is seen 
fixed at each end, and the nut d, which is attached to the under- 
side of the plate working upon it. When it is necessary, as 
in the turning of the inside of the cones, &c. that the tool should 
not be parallel to the spindle p, the screw ^ and another similar 
one behind must be loosened, the tool set at the proper angle, 
and then be screwed tight again. In order to make the piece 
A A move truly when it is turned round, there is a hole /, tig. 9. 
to receive a knob fig. l4., upon the plate b, which acts as a 
centre, and keeps it in Its place ; there are three holes on each 
side in the plate b, fig. 12., to put the screw e in at difierent 
times, thus giving to the tool a greater range than the circular 
openings s s Vy ill admit. The part ebee, represented separately, 
and inverted in fig. 10. is of cast iron, and has a screw h work- 
ing in it similar to fig. 9.; the nut of tills screw is attached to 
the bottom of the slide h, fig.ll., at iJ, which slides in the groove 
f, figs. 7. and 10. ; at one end of it is a box containing a screw>/z, 
to be hereafter described, and at the other is a frame of brass kk. 
Near the same end of the slide is a pin l, projecting above the 
plate, which is put through an opening, j in fig, 12., to steady it, 
while the other end, cof fig. 12., is put through an opening M 
in the box n, fig. I { . In the part c is an oblique slit ll to receive 
a stub which projects from the bottom of the nut worked by 

the screw w, fig. i l, : by this arrangement it is obvious that if 
the screw m is worked, the stub of the nut acting against the 
slide of the slit as an inclined plane, will move it either back- 
wards or forwards through the opening m ; a metal cover r, 
fig, 14, is occasionally put over the opening for the nut w and 
screw m to prevent the chips from falling in. Near the four 
comers of the frame, fig. I2., are four small projections oooo, 
vvith inclined sides, which fit into the four openings f'ppp of 
figs. \ 3. and 7. ; these openings are cut out in two brass plates, 
which are screwed on at right angles to the plates bb, figs, 7. 
and IS,; the ends gcp/q of these plates slide between the edges 
of the frame kk and the box d, so as to prevent any other 
motion than a vertical one. — When the 5 ZZ&-Z 00 / is used, the 
puppet a is to be removed or pushed back further from f, and 
the tool is put upon the bar h, fig. 1., and fixed in the place of 
the rest j by the clamp fig, 8. ; the distance from the centre n 
is adjusted by the screw A, which mo%^es the slide, fig, i 1 , in the 
grooves figs. 7. and 10. with the whole apparatus upon it; by 
the screw figs. 7. and 11., as before described, the slide, 

1-:? be mov'ed in a direction perpendicular to the 
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[ bar H j fig. 1 . ; audits projections oo acting against the slits pp^ 

: figs. 7. and 13., as inclined planes, will raise or lower the plate 

■ B as is required. 

The tool, which has been before fixed in the holders hh, can 
be set at the proper angle, by loosening the screw as pre- 
viously described : and, lastly, the tool with the holders and 
slider a can be advanced or withdrawn by working the screw e» 
The nuts of the screws c and A, fig. 7., are not screwx^d fast to 
the sliding plates, but are held by tw’o pins /, fig. 11 ., which fit 
into grooves fig. 10 ., in each side of the nut : by these means 
the sliding plate can at any time be taken out by only unscrew- 
ing one of the brass sides from the groove 2 , without taking out 
the screw and nut. In order to make the grooves always fit 
j their slides, the two pieces of brass fig. 7., which compose 

the sides of the groove, have elliptic holes for their screws v, so 
as to admit, when the screws are slackened, of being pushed 
inwards by the screws tc, which work in a lump of metal cast 
with the part aa. 

The large lathes wliich Mr. Maudslay uses in his manufac- 
tory, instead of being worked by the foot, as represented in 
fig. 1.5 are worked by hand ; the w^heel and fly-wlieel ’which the 
men turn w-orks by a strap on another wheel, fixed to the ceil- 
ing directly over it ; on the axis of this wlieel is a larger one, 
which turns another small wheel or pulley, fixed to the ceil- 
ing, directly over the mandrel of the lathe ; and this last has on 
its axis a larger one which Avorks the mandrel i>, by a band of 
catgut. These latter wheels are fixed in a frame of cast-iron, 
moveable on a joint ; and this frame has always a strong tend- 
ency to rise up, in consequence of the action of a heavy weight; 
the rope from wliich, after passing over a pulley, is fastened to 
the frame; this weight not only operates to keep the mandrel- 
band tight, when applied to any of the grooves therein, but 
I always makes the strap between the two -wlieels on the ceiling 

1 fit. As it is necessary that the workman should be able to stop 

i his lathe, without the men stopping who are turning the great 

wheel, there are two pulleys or rollers (on^ the axis of the wheel 
over the lathe), for me strap coming from the other whed on 
the ceiling ; one of these pulley s, called the dead pnUmj^ is fixed 
to the axis and turns with it, and the other which slips round 
it is called the Uvepidkp: these pulleys are put close to each 
other, so that by slipping the strap upon the live pnlkp^ ^ it w^ill 
not turn the axis ; but if it is slipped on the other it Avill turn 
with it : this is effected by an horizontal bar, with two upright 
pins in it, between which the strap passes. This bar is moved 
in such a direction as will throw the strap upon the live pulley, 
by means of a strong bell-spring ; and in a contrary direction it 
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is moved by a cord fastened to it, wbieb passes over a piilley^ aiicl 
hangs down within teach of the workman’s hand : to this eord is 
fastened a ^veight^ heavy enough to counteract the helkspring, 
and bring the strap up to the dead pulley, to turn the lathe ; but 
when the weight is laid upon a little shelf, prepared for the pur- 
pose, the spring will act and stop it. 

Mr* Maiidslay has likewise some additional apparatus for 
cutting the teeth of wheels^ in which the face of the mandrel n, 
%. 1., has seventeen concentric circles upon it, each divided 
into a different number of equal parts^ by small holes. There 
is a thin stop, .r, fig. l.j which moves round on a screw, fixed in 
the standard f : this stop is made of thin steeh and is so fixed, 
that when it is turned up, and its point inserted into any of the 
divisions of the mandrel, it will have a sufficient spring to keep 
it there : the wheel to be cut is fastened, by means of a chuck, 
to the screw and after it has been turned^ and brought to the 
proper shape, the rest j is to be taken away, and the slide-tool 
substituted : a square bar is then put into the two holders, 56, 
fig. 7. ; this bar has two branches for holding the ends of a spin- 
dle, near one end of which is a pulley, and at the other are four 
chisels, fixed perpendicularly into the spindle for cutting out the 
teeth (instead of the circular saw commonly used) : the pulley is 
turned (with the intervention of several wheels to augment the 
velocity) by the same great wheel as the lathe, with 7300 revo- 
lutions per minute ; the mandrel is then fixed by the stop 
fig. 1., and the cutter advanced towards the wheel, by the screw 
r, fig. 7. When it has cut that tooth, the cutter is withdrawn j 
and the mandrel turned to another division, and a tooth is citt 
again as before. At that part of the frame of the cutting- 
spindle where the bar which is fixed in the holders of the slide- 
tool connects with the two branches there is a joint, by which 
the cutting-spindle can be set in an inclining position, for cut- 
ting oblique teeth like those which are to work with an endless 
screw. The great velocity with which this spindle turns soon 
generates, by friction and resistance, a degree of heat sufficient 
to expandit very sensibly ; but this ingenious mechanist, fore- 
seeing such a circumstance, has judiciously compensated for it 
in his construction, by making the spindle so short as to play 
lot)sely in its sockets at the commencement of the motion; but 
after a few seconds the expansion is such as to cause the whole 
to fit together as it ought to do, and the work of cutting to pro- 
ceed with accuracy and safety. 


Another skilful mechanic, Mr. Smarts of Ordnance Wharf, 
Westminster, whose chimney-cleanscrs and saws have been no- 
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ticed in earlier parts of this volume, has made some very useful 
improvements in the art of turning, and particularly has struck 
out a simple method of turning cylinders and cones, in wood* 
The figures to illustrate liis turning machinery are given in pL 
XXVI. (figs. 3, 4.), where the legs or stiles l, the puppets a, b, 
the cheeks o, o, the pikes and screws, M, N, r, %vith the handle 
JD, are but slightly varied from the usual construction. Round 
tlie mandrel B passes a band f, which also eneonipasscs a 
large wheel not shown in the figure; and when this lai’ge wheel 
is turned round with moderate swiftness, it communicates a 
rapid velocity to the mandrel e, and the long piece of wood g, 
wi)icli is proposed to be made cylindrical. This piece is pre- 
viously hewn into an octagonal form. The cutting-frame h 
contains a sharp iron tool, which is to answer the purpose of 
the common turning-gouge, and which is fitted into the frame 
so as to project a little beyond its inner part, after the manner 
of a carpenteris plane-iron for round or ogee work. Then, 
while tlie piece g is turning swiftly round by a man %vorking at 
the great wheel, another man pushes the frame h gently on from 
L towards m, the lower part of that frame fitting between the 
cheeks o, o, and sliding along between them. By this process, 
the piece g is reduced to a cylinder, moderately smooth ; and, 
in order to render the smoothness as complete as need be, a se- 
cond cutter, and its frame i, adapted to a rather smaller cylinder 
than the former, is pushed along in like manner fi’om l to M. 
This operation may be performed with such speed, that a very 
accurate cylinder of 6 feet long, and 4 inches diameter, may be 
fixed to the lathe and turned in much less than a minute. 

Mr. Smart turns a conical end to one of these cylinders with 
great facility, by means of a cutting-blade fixed in an iron hollow 
conical frame k, the smaller end of which admits the pike from 
the screw s (fig. 4.), to which one end of the cylinder g is at- 
tached : as the cylinder turns rapidly round, the cutter k is con- 
ducted gently along it by means of the hollow frame, and soon 
gives the conical shape to the end of the cylinder, as required. 

Excellent lathes, with considerable improvements, are like- 
wise made by Messrs. Holtzapffel and Deyerlein, 118, Long 
Acre.,, 

The following improvement in the construction of the lathe 
is extracted from that useful publication the Mechunic^s 

Figure 2, pi XLIV. is the appearance of the lathe endwise ; 
c represents one of two pieces, which are fixed to the back- 
bed of the lathe ; f is a lever, moveable on the centre o, ’which 
lever lias a piece cut out of the end, to admit the extra pulley d, 
which must, to allow the band to pass without rubbing, be 
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placed so as to stand in winding with the ptiiiley on the mandrel, 
as shown by d, ; the lever f is furnished with hooks, on 
which the weight o is hung, according to the nature ^of the 
work. It would improve the plan if the grooves in the 
mandrel pulley, instead of being angular, were turned rather 
flat at the bottom. 

Fig. 3. will be readily understood, as the same letters denote 
the same parts as in fig. 

A A are beds of the lathe; c, the mandrel pidley ; b, th^^ 
large wheel. 

WATCH, a small portable machine for measuring time ; 
having its motion commonly regulated by a spiral spring. Per- 
haps, strictly speaking, watches are all such movements as show 
the parts of time; as clocks are such as publish them, by strik- 
ing on a bell, kc. But commonly, the term watch is appro- 
priated to such as are carried in the pocket>f* and clock to the 
large movements, whether they strike the hour or not. 

Spring or Watches stand pretty much on the 

same principle with pendulum clocks. For if a pendulum, de- 
scribing small circular arcs, make vibrations of unequal lengths, 
in equal times, it is because it describes the greater arc with a 
greater velocity ; so a spring pot in motion, and making greater 
and less vibrations, as it is more or less stiff, and as it has a 
greater or less degree of motion given it, performs them nearly 
in equal times. Hence, as the vibrations of the pendulum had 
been applied to large clocks, to rectify the inequality of their 
motions; so to correct the unequal motions of the balance in 
watches, a spring is added, by the isochronism of whose vibra- 
tions the correction is to be effected. The spring is usually 
wound into a spiral, that, in the little compass allotted it, it 
may be as long as possible ; and may have strength enough not 
to be mastered, and dragged about, by the inequalities of the 
balance it is to regulate. The vibrations of the two parts, viz. 
the spring and the balance, should be of the same length ; but 
so adjusted, as that the spring, being more regular in the length 
of its vibrations than the balance, may occasionally communicate 
its regularity to the latter. 

Sirikbig' Watches are such as, besides the proper watch- 
part for measuring of time, have a clock-part for striking the 
hours, &£C. 

Rej)e(Ul}7g'‘ W ATcims arc such as by pressing a spring, &c. 
repeat the hour, quarter, or minute, at any time of the day or 
night. This repetition was the invention of Mr. Barlow, and 
first put in practice by him in larger movements or clocks about 
the year 1670. The contrivance immediately set the other 
artists to work, who soon contrived divers ways of efiecting the 
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saoie : but itS ' application to pocket watches was- not known 
before king' James the Second’s reign ; ’when the ingenions in- 
ventor above nieiitioned, having directed Mr. Thompson to 
make a repeating watch, was soliciting a patent for the same- 
The talk of a patent engaged Mr. Qnare to resume the thoughts 
of a like contrivance, which he had had in view some years be- 
fore : he now effected it ; and being pressed to endeavour to 
prevent Mr. Barlow’s patent, a watch of each kind was pro- 
duced before the king and council ; upon trial of which, the 
preference was given to Mr. Quare’s. The difference between 
them was, that Barlow’s was made to repeat by pushing in two 
pieces on each side the watch-box ; one of which repeated the 
hour, and the other the quarter: whereas Quare’s was made to 
repeat by a pin that stuck out near the pendant, which being 
thrust in (as now it is done by thrusting in the pendant itself), 
repeated both the hour and quarter with the same thrust. 

the Ifechafiism of a Watch, properly so called. Watches, 
as well as clocks, are composed of wheels and pinions, and a 
regulator to direct the quickness or slowness of the wheels, and 
of a spring which communicates motion to the whole machine. 
But the regulator and spring of a watch are vastly inferior to 
the weight and pendulum of a clock, neither of which can be 
employed in watches. Instead of a pendulum, therefore, we 
are obliged to use a balance (pi. XXXIII. %. 1.) to regu- 
late the motion of a watch ; and a spring (fig. £.) which 
serves instead of a weight, to give motion to the wheels and 
balance. 

The wheels of a watch, like those of a clock, are placed in a 
frame formed of tw'o plates and four pillars. Fig. 3. represents 
the inside of a watch, after the plate (fig. 4.) is taken off. a is 
the barrel which contains the spring (fig. 2.) ; the chain is rolled 
about the barrel, with one end of it fixed to the barrel a, 
(fig. 5.), and the other to the fusee b. 

When a watch is wound up, the chain which was upon the 
barrel winds about the fusee, and by this means the spring is 
stretched ; for the interior end of the spring is fixed by a hook 
to the immoveable axis about which the barrel revolves; the 
exterior end of the spring is fixed to the inside of the barrel, 
which turns upon an axis. It is therefore easy to perceive how 
the spring extends itself, and how its elasticity forces the barrel 
to turn round, and consecpiently obliges the diain which is upon 
the fusee to unfold and turn the fusee: the motion of the fusee 
is commonicated to the wheel c (fig. 5.) ; then, by means of the 
teeth, to the pinion c, which carries the wheel n; then to the 
pinion d, which carries the wheel e; then to the pinion which 
caiiies the wheel F ; then to the pinion upon which is the 
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balance-wheel whose pivot runs in the pieces a called the 
potance^ and b, called a which are fixed on the plate, 

fig. 4. This plate, of which only a part is represented, is ap- 
plied to that of fig. 3. in such a manner that the pivots of the 
wheels enter into holes made in the plate, fig. 3. Thus the im- 
pressed force of the spring is communicated to the wheels ; and 
the pinion f being then connected to the wheel r, obliges it to 
turn (fig. 6.)- This wheel acts upon the palettes of the verge 
1, % (fig. 1.), the axis of which carries the balance hh (fig.l.). 
The pivot i, in the end of the verge, enters into the hole c in 
the potance a (fig. 4). In this figure the palettes are repre- 
sented; but the balance is on the other side of the plate, as 
may be seen in fig. 6. The pivot 3 of the balance enters into 
a hole of the cock bc (fig. 7.) a perspective view of which is 
represented in fig. 8. Thus the balance turns between the cock 
and the potance c (fig. 4.) as in a kind of cage. The action of 
the balance-wheel upon the palettes 1, 2 (fig. 1.) is the same 
with what we have described with regard to the same wheel in 
the clock ; L a. in a watch, the balance wheel obliges the ba- 
lance to vibrate backwards and forwards like a pendulum. At 
each vibration of the balance a palette allows a tooth of the ba- 
lance-wheel to escape ; so that the quickness of the motion of 
the wheels is entirely determined by the quickness of the vibra- 
tions of the balance ; and these vibrations of the balance and 
motion of the wheels are produced by the action of the spring. 

But the quickness or slowness of the vibrations of the balance 
depends not solely upon the action of the great spring, but 
chiefly upon the action of the spring a, 5, c, called the spiral 
spring (fig. 9*)? situated under the balance h, and represented 
in perspective (fig. 6.). The exterior end of the spiral is fixed 
to the pin a (fig. 9 .)- This pin is applied near the plate in a 
(fig. 6.) ; the interior end of the spiralis fixed by a peg to the 
centre of the balance. Hence if the balance is turned upon 
itself, the plates remaining immoveable, the spring will extend 
itself, and make the balance perform one revolution. Now, 
after the spiral is thus extended, if the balance be left to itself, 
the elasticity of the spiral will bring back the balance, and in 
tliis manner the alternate vibrations of the balance are pro- 
duced. 

In fig. 5. all the wheels above described are represented in 
such a manner, that it may he easily perceived at first sight how 
the motion is communicated from the barrel to the balance. 

In fig. 10. are represented the wheels under the dial-plate by 
which the hands are moved. The pinion a is adjusted to the 
force of the prolonged pivot of the wheel d (fig. 5.), and is called 
a cannon pinion^ This wheel revolves in an hour. The end 
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of the axis of^he pmioii ti, upon tdiich the miuute. hand is fixedj 
is square; the pillion (fig. 10.) is indented into the wheel 
irhicli is carried by the pinion a. Fig. 11. is a wheel fixed' u|x>n 
a barrel, into the cavity of which the pinion a enters, and upon 
which it turns freely. This wheel revolves in twelve hours, and 
carries along with it the hour-hand. 

Such in brief is the general mechanism of a watch i to treat 
the subject to the extent its importance demands would req^uire 
a volume : some parts of the construction are further explained 
under the words balance and scavement in this volume. 

Mr. Elliot, of Clerkenwell, has lately invented a very simple 
repeating watch, in which the motion is performed with much 
fewer parts than in the usual construction, by which means he is 
enabled to reduce the price so low as eight guineas for a good 
repeater on this principle, or to add the repeating-work to 
another watch for three. 

The method by wliich this repeater is so much simplified is 
by the use of a single part, so contrived as to perform the ope- 
rations of several : this is a flat ring, or centreless wheel, of 
nearl}" the same diameter as the watch, supported in its place, 
so as to admit of circular motion, by four grooved pulleys 
placed round its external circumference, in the same manner as 
the part in common clocks which denotes the mooif s age. This 
part is put in motion by turning the pendant, whose extremity 
is formed into a small vertical wheel, which works in teeth cut 
on the external part of the flat ring for almost a third of its cir- 
cumference. The lower part of the ring contains the pins, at 
right angles to its face, which lift the hammers for striking the 
hours and quarters; the internal part of the ring contains in- 
dentations of regularly increasing depths, which receiving the 
tails of the levers w' hose other extremities are pressed by their 
springs against the liour-snall and the quarter-snail, is by them 
prevented from moving beyond a certain degree proper for tlie : 

time: after the pendant is turned, the ring is brought back to 
its first position, by a box-spring, round which a fine chain is 
coiled, w^hose extremity is connected with the inner part of the 
ring. ^ ^ ' 

By turning the pendant to the left the hour is struck, and by 
turning it to the right the quarters are repeated ; and the re- 
turning spring just mentioned is made to operate in both di- 
rections, by its chain passing between tw^'o little pulleys, which 
on either side convert the direction of the chain to the line of 
traction of the spring. 

Hence it is evident this single flat ring performs all the foL 
lowing .operations, ■ ■ ' 
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1* It receives the motion for striking the hour from the pen-- 
dant. 

g. — The same for striking the quarters. ^ ^ 

a It carries the pins, or teeth, which M the hour-hammer. 

4. — The same for the quarter-hammer. 

5. It contains the indentations by which the hour-snail ope- 

rates on it by its lever. 

6. — The same, by which the quarter-snail operates on it. 

7. It carries the part that recoils the movement which tells 

the hour to its first position. 

8. It carries the part, for the same purpose, for the quarter- 

movement. 

9- It contains a cavity, which moves over a fixed pin, that 
prevents the pendant from turning it too far. 

In this ring, the same parts, in three instances, are made to 
perform double operations, by which simplicity of construction 
is advanced, apparently to its greatest extent. 

For other constructions the reader may consult the Pa/iifo- 

logh, 

watchman’s Nogtuary, the name given to an instru- 
ment lately conti'ived to remedy a great defect in an important 
branch of the police of great cities, that of night-watching. 
Every twenty-four hours furmshes some instance of the ineffi- 
cacy of the present system, by the depredations which have 
been committed in the night, or by the fatal accidents which 
occur from a neglect of giving families timely warning in cases 
of sudden fires. A respectable magistrate (Samuel Day, Esq. 
of Charter-house, Hinton, Somersetshire) has directed his at- 
tention to the application of a mechanical check upon the dili- 
gence and regularity of watchmen, labourers, and all other 
classes of men whose duty requires that they should attend at 
certain places at appointed times: the instrument he has in- 
vented for this purpose he calls B, J¥atcIman'‘s noctuary^ or La- 
bou?vr’s Regulator. 

The invention consists principally of a large horizontal 
wheel, which is moved uniformly round every 12 hours by 
clock-work. The upper side uf this wheel is divided by two 
cycles, one within the other ; the outer one, or periphery, 
having the hours and quarters marked on it, which maybe 
called the lateral side ; the inner circle having also a dial, which 
may be called the vertical one. The space between these circles 
or dials is divided into cells, each cell coiTesponding with a 
quarter or half-hour of the different hours marked on the dials ; 
and if thought proper, the cells might be so multiplied, as that 
each would correspond within a period of five minutes. Such 
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is tlie upper side of the horizontal wheel, wdiich may be made of 
copper or tin, or various other materials, and is about 9 inches 
ill diameter. The under side of the same has a brass wheel 
witli teeth, diameter Si inches, fixed to its central part ; the teeth 
of which, letting in with those of a smaller w heel or pinion, give 
motion in consequence to the large horizontal wheel (of which 
it forms a part) by the motion it receives from the pinion. This 
pinion being set in motion by the common clock-w’orlt and a 
weight or spring, the revolution of the horizontal wheel is com- 
pleted once in twelve hours, and thus, regularly going round, 
will at all times show the time of day or night. As it moves 
round it carries the cells above-mentioned under a kind of chink, 
just large enough to receive a token of about the size of a far- 
tliiog. This chink sinks down from an external brass box, 
wliich is sufficiently large to admit a man’s fingers to^drop in 
the token by an external aperture or mouth of the chink, the 
token being directed perpendicularly through this chink into 
such cell as is immediately under it, and which must correspond 
with the time of night or day. The head of the case of the 
machine has double doors in front ; the outward door covers 
the whole face together, leaving a sufficient space above the ho- 
rizontal wheel for examining the tokens and taking them from 
the cells, or for removing the wheel when necessary. A smaller 
door opens in this large one upon the brass box above mentioned, 
the opening of ■which belongs solely to the \vatchman, or such 
other person as may be required to use the same, for the piu’- 
pose of seeiijg the time and dropping Ins tokens, a minute-dial 
also being placed under the hour-index. If it be found more 
convenient, a common dial-plate, to show the hours and minutes, 
may be placed instead of the minute-dial. The great outer 
door first mentioned is to be opened only by the inspector or 
examiner of the tokens, and ought to be well secured ; but, for 
greater safety, both against thieves and weather, there is an in- 
side door, in which the fore-mentioned brass box is fixed ; and 
this inner door being opened, throws into view the horizontal 
wheel, for the purpose just specified. These are the essential 
parts of the invention : the different appendages may be vari- 
ously modified. 

One such instrumeiiit as this being placed at each end of a 
watchman’s round, it will be ascertained how the man continued 
his movements through the night, to a nicety of 10 minutes (or 
less, if required) at any period of the watch ; and the slightest 
irregularity or omission will be detected the next morning by 
the "person whose office it shall be to open the machine. No 
trick or fraud on the watchman’s part can counteract the move- 
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ment of the horizontal wheel comprising the cells into wiiicli 
the tokens are to be dropped ; each cell is, by this contrivance, 
like time itself, irrevocable when past : the watchman has no 
command over it, and the whole will be a kind of speaking wit- 
ness of his diligence and fidelity in going his rounds, answ^ering 
the next morning to the exact periods he either was or ought to 
have been there. 

By this means the calls of the watchmen, which were only 
instituted for the purpose of Ms giving notice of being on his 
duty, will be superseded ; and a considerable expense of animal 
exertion will be saved to the individual, which might better be 
converted into that of going Ms rounds twice, where lie now 
only goes once. Warnings to the nightly thief of timely attack 
or retreat will likewise be taken away ; and if instead of an open, 
the w^atchman was to carry a dark, lantern, the robber woiikl 
have no security whatever in calculating the moment of his 
depredation, and might be detected in the very outset of his 
attack, as the slightest sound would alarm the watchman ivalk- 
ing in silence, and not drowning distant noise by that of his own 
voice. 

The same machine will answer in custom-houses, wai*e-houses, 
banking-houses, manufactories, bleaching-grounds, and every 
place where watching or other attendance, to be useful, must 
be exact ; even sentinels on military duty might be required to 
leave tokens as memorials of their vigilance. 

Mr. Day has, we understand, obtained the usual patent for 
securing to himself the right of making and selling this instru- 
ment ; yet siire]3Miot to the exclusion of others invented for the 
same purpose: for the late Marquis of Exeter informed the 
public more than twenty years ago, through the medium of 
Nicholsonls Philosophical Journal, that a clock for a similar 
purpose had been invented by Messrs. Boulton and Watt of 
Birmingham, which costs no more than thirty shillings. His 
lordship had then had two of them at Burleigh-Hall more than 
four years; and he gives the following description of them ; 

Tliey go eight days, and have a face like a clock, but do not 
strike. The dial goes round and the hour-finger is fixed : round 
the edge of the dial are moveable iron pins, corresponding with 
the quarters in each hour. A small hammer placed behind the 
hour-finger, when moved downwards, pushes into the dial one 
of the pins which happens to be under it at the time, which pin 
remains so abased until the dial nearly returns to the same place, 
when by an inclosed plane the pin is raised up into its first po- 
sition. This gives time to have the machine examined in the 
morning, to see how many pins have been struck, and at what 
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time they were pushed downwards. The liammer is moved 
by the pulling of a chain with a handle^ like hoiise-d<x>r bells, 
which, by cranks and wires, is attached to it. I have one iu 
my library; the liaiidle is out of doors. The other machine is 
placed in a building at the other end of my premises.'‘^ 

WATER-MILLS, the general term by which all kinds of 
mills \rhich have a stream of water for their first mover are 
designated. The term is also sometimes applied to machines 
driven by wind, for the purpose of draining water out of fen 
lands ; but it is with more propriety confined to the preceding 
acceptation. ' 

It i>s not our intention in the present article to enter minutely 
into the description of the various kinds of machinery driven by 
water as an active power, but to confine ourselves to a few 
general remarks upon the construction of that part only winch 
is essential to water-mills, the wate7^--'wheel : for the axis of this 
wheel may be employed to transmit the force impressed upon 
it to any species of machinery, A concise view of the theory of 
water-wheels, together with a tolerably copious statement of the 
experiments and results of Smeaton, have been laid before the 
reader in book iv. of our first volume ; we propose now to pre- 
sent some observations on their shape, magnitude, and velocity. 

The most general division of wmter-wdieels is into two kinds, 
resulting from the manner in which the fluid is made to act: 
wdien water is made to act by its weight, it is delivered from 
the spout as high on the wheel as possible, that it may continue 
Jong to press it down ; but when it is made to strike the wheel, 
it is delivered as low as possible, that it may have previously 
acquired a great velocity : thus are the wheels said to be omr- 
sJiot or imdershot. The four kinds of wdieels mentioned In 
art. 467. vol. i. belong, in fact, to one or other of these general 
divisions. 

1, An oversJiot-^ddieel is nothing but a frame of open bubkets 
so dis|X)sed round the rim of a wheel as to receive the water 
delivered from a spout in such a manner that one side of the 
wheel is loaded with water while the other is empty: of conse- 
quence the loaded side must descend ; and by this motion the 
fluid runs out of the lower buckets, while the empty buckets of 
the rising side of the wheel, in their turn, come under the spout, 
and are filled with water. A slight inspection of the figure of 
an overshot vvater-wheel, in plate XVIIL of our first volume, 
will convince the student of the impossibility of constructing 
the buckets so as to remain completely filled with water till 
they reach the bottom of the wheel: indeed, if the buckets are 
formed by partitions directed to the axis of the wheel, the 
whole water must he run out by the time that they have de- 
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scended to the level of the axis ; and, of consequence, there 
must be a great diminution in the mechanical effect of the 
wheel. Millwrights have, therefore, turned their chief atten- 
tion to the determination of a form for the buckets which shall 
enable them to retain the water along a great portion of the 
circumference of the wheel It would require much more room 
than we can assign to this article, to describe half the con- 
trivances which have been proposed: we shall therefore only 
mention one or two of the best, as described by Dr. Robison in 
the Encyclopedia Britannica. 

In ffg. 11. pi. XXXII. AM represents part of the shrouding 
or ring of buckets of an overshot-wheel which has 40 buckets. 
The form of one of these buckets is shown by gofabcb ; in 
wbich the sole of one backet af should be f of ae the depth 
of the shrouding, and the shoulder ab of the bucket should be 
one half of ae. The arm bc of the bucket must be so inclined 
to the shoulder ab that hc perpendicular to ahf at h may be 
I- of ae; and the wrest (or probably wrist) of the bucket cn 
must be so inclined to BC?^, the direction of the arm, that 'du 
may be about --- of e? 2 . 

From tins construction it follows, that the area habc is very 
nearly equal to dabc: so that the water which will fill the space 
HABC will all be contained in the bucket when it shall come into 
such a position that ad is a horizontal line ; and the line ab will 
then make an angle of nearly 35^ with the vertical, or the bucket 
will be 35^ from the perpendicular passing through the axis of 
motion. If the bucket descend so much lower that one-half of 
the water runs out, the line Ab will make an angle of about 
24% with the vertical. Therefore the wheel, filled to the de- 
gree now mentioned, will to lose water at about -f of the 
diameter from the bottom, and half of the water wiU he dis-^ 
charged from the lowest bucket about of the diameter further 
doCT . Had a greater proportion of the buckets been filled wi tli 
water when they were under the spout, the discharge would 
have begun at a greater height from the bottom, and a greater 
portion of the whole fall of water would be lost. The loss by 
the preceding construction is less than-r^th (supposing the water 
to be delivered into the wheel quite at its top), and may be es- 
timated at about— th ; for the loss is as the versed sine of the 
angle which the radius of the bucket makes with the vertical 
The versed sine of ^5^ is *18085, nearly 4 th of the radius, or 
-p^th of the diameter. Had only f of this water been supplied 
to each bucket as it passes the spout, it would have been re- 
tained for 10 ® more of a revolution, and the loss of fall ■would 
have only been about tb. 

The bucket has been mucli improved in its construction bv 
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Mr. Robert Bums, at the Cotton Mills of HoiistoBj Borns, and 
Co. at Cartside, Renfrewshire. This ingenious millwright 
divides the bucket by a partition Bm, concentric with the sole 
and rim, and of siich an altitude as to make the inner and outer 
portions of the bucket of nearly equal capacity. It is Justly 
observed by Dr. Robison, tliat Mr. Bums’s principle is suscep- 
tible of considerable extension, and, when the practice of making 
the water- w'heel of iron is adopted, he recommends the use of 
two or more partitions ; for such a series of partitions, though 
each should be very thin, will contribute much to the general 
firmness of the whole wheel. In consequence of this contriv- 
ance the fluid is longer retained in the descending buckets : and 
when the supply of water is very scanty, a proper adjustment 
of the apparatus which regulates the position of the spout will 
direct nearly all the water into the exterior buckets, and thus, 
by placing it at a greater distance from the axis, sensibly aug- 
ment its mechanical energy. The doctor suggests also that the 
breadth of the buckets, or the rim of the wdieel, should be tole- 
rably large, tliat the quantity of water received from the spout 
may not nearly fill the bucket : and in order to prevent the air 
from impeding the rising buckets, or as the watennen term it, 
the buckets from sucking up the tail- water, he advises that the 
shoulder or start ab of each bucket be perforated with a few 
holes. As to the spout which con the water, it should be 
considerably narrower than the breawh of the wheel ; and, as 
Dr. Brewster j ustly remarks, this distance of the spout from the 
receiving bucket slioiild in general be two, three, or four inches, 
that the water may be delivered with a velocity a little exceed- 
ing that of the rim of the wheel ; otherwise the wheel will be 
retarded by the impulse of the buckets against the stream, and 
; the dashing of the water over would occasion a diminution of 

j ■ power. , 

I With respect to variations in the fall of water, since the 

j active pressure is measured by the pillar of water reaching from 'i 

the horizontal plane where it is delivered on the wheel, to the J 

horizontal plane where it is spilled by the wheel, it has l>een j 

concluded that the pressure must be proportional to the wheel; !| 

and therefore the water must be delivered as high, and retained r 

as long as possible. This maxim, however, is subject to limita- | 

lions, and is not perhaps strictly consistent with ^und theory. j 

When the fall is exceedingly great, a wheel of an equal diameter j 

becomes enormously big, and extremely expensive. In cases ; 

like this, where we are unwilling to lose any part of the force 
of a fall-stream, the best form of a bucket- w heel is an inverted ]| 

cham''pump... , |; 

The velocity of an over-shot wheel is a matter deserving of | 
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great care and attention ^ and different authors have arrived at 
very opposite conclusions respecting it. The most accurate 
seems to be that an overshot-wheel does the more work as it 
moves slower : the popular reasoning adduced to prove this has 
been of the following kind. Suppose that a certain wheel has 
SO buckets, and that 6 cubic feet of water are delivered in a 
second on the top of the wheel, and discharged without any loss 
by the way, at a certain height from the bottom of the wheel, 
I^et this be the case whatever is the rate of the wheeFs motion, 
the buckets being of a sufficient capacity to hold all the water 
which falls into them. Suppose this wheel employed to raise 
a weight of any kind, water, for instance, in a chain of SO 
buckets, to the same altiUide and wkh the same velocity. Sup- 
pose, farther, that when the load on the rising side of the ma- 
chine is one half of that on the wheel, the wheel makes 4 
revolutions in a minute, or one turn in 15 seconds. During 
this time, 90 cubic feet of water wall have flowed into the SO 
buckets, and each have received 3 cubic feet. In that case, 
each of the rising buckets contains feet ; aixl 45 cubic feet 
are delivered into the upper cistern, during one turn of tlie 
wdieel, and 180 cubic feet m one minute. 

Now, suppose the machine so loaded, by making the rising 
buckets more capacious, that it makes only £ turns in a minute, 
or 1 turn in SO seconds. Then each descending bucket must 
contain 6 cubic feet of water. If each bucket of the rising side 
contained S cubic feet, the motion of the machine would be the 
same as before. This is a point none will controvert. WheU 
two pounds are suspended to one end of a string which passes 
over a pulley, and one pound to the other end, the velocity of 
descent of the two pounds will be the same with that of a four 
pound weight, which is employed in the same manner to draw 
up two pounds. Our machine w^ould therefore continue to make 
four turns in a minute, and would deliv# 90 cubic feet during 
each turn, and 360 in a minute. But, by supposition, it is 
making only two turns in a minute ; which must proceed from 
a greater load than 3 cubic feet of rising water in each rising 
bucket. The machine must therefore be raising more than 90 
feet of water during one turn of the wheel, and more than 180 
in a minute. 

Tims it appears, that if the machine is turning twice as 
slow as before, th^ is more than twice the former qua7itify 
in the riring buckets ; and more will be raised in a minute by 
the same expenditure of power. In like manner, if the machine 

S ) three tMes as slow, there must be more than three iime^ 
e fonner quantity in the rising buckets, and more work will 
be done. 
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■'Blit farther we may assert, that the nmre we retard the ma- 
chine to a certain practical extent, by loading it with more 
work of a similar kind, the greater will be its performance ; and 
the truth of the assertion may be thus demonstrated : Let us 
call the first quantity of water in the rising bucket, a ; the 
water raised by four turns in a minute, will be 1 x 80 x a = 

120 a. The quantity in this bucket, when the machine goes 
twice as slow, has been shown to be greater than 2 a; cml it 
2 a -f * 2 ?; the water raised by two turns in a minute will then 
be 2 X SO X (2 a 4- a?) r::z 120 a 4- 60 X. Suppose, next, 
the machine to go 4 times as slow, making but one turn in a 
minute ; the rising bucket must now contain more than twice 
the quantity 2 q + a;, or more than 4 q + 2 *^9 call it 4 a -f- 
+ y* The work done by one turn in a minute will now be 
00 X (4 a 4- 2 a? 4* .^) == 1^ a 4 60 a? 4 By such ati 
induction of the work accomplished, with any rates of motion 
we choose, it is evident that the performance of the machine 
increases with every diminution of its velocity that is produced 
by the mere addition of a similar load of work, or that it does 
the more work the slower it goes. This however is abstracting 
from the effects of the friction upon the gudgeons of the wheel, 
a cause of resistance which increases with the load, though not 
in the same ratio. 

The preceding discussion is sufficient to demonstrate, in gene- 
ral, the advantage of slow motion ; but does not, it is confessed, 
point out in any degree the relation between the rate of motion 
and the w^ork performed ; nor even the principles on which it 
depends. This, however, is not necessary for theimprovement 
of practical mechanics ; but it is sufficiently manifest that there 
is not, in the nature of things, a maximum of performance at- 
tached to any particular rate of motion, which should,,oa that 
account, be preferred. All, therefore, we have to do, is to load 
the machine, and thus to diminish its speed, unless other physical 
circumstances throw obstacles in the way : but there are such I 

obstacles ; for in all machines there are small inequalities of | 

action, wliich are unavoidable. In the action of a wheel and 'I 




pinion, though made with the utmost judgment and care, there 
are such inequalities. These increase by the changes of form 
occasioned by the wearing of the machine ; and much greater 
inequalities arise from the subsultory motions of cranks, stamp- 
ers, and other parts w^hich move un^uably or reciprocally. 
Now, a machine may be so loaded as just to be in equilibrio 
with its work in the favourable position of its parts : and when 
this changes into one less favourable, the machine may stop, or 
at all events hobble, and work very irregularly : thus, the rub- 
biiig parts bear long on each other, with enormous pressures, 
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cut deep into one another, and greatly augment friction ; so that 
such slow motions as these must be avoided. A little more ve- 
locity enables the machine to overcome those increased resist- 
ances by its inertia, or the great (Quantity of motion inherent 
in it; great machines possess this advantage in a superior 
degree, and will, consequently, work steadily with a smaller 
velocity. 

M. de Parcieux, the inventor of the areometer described in 
arts. 4f01, &c. vol i. was, we believe, the first who deduced, 
both from theory and experiment, the important vesnlt that the 
work done by a water-wneel was increas^ by diminishing its 
velodtj. His dissertations on this subject were first inserted in 
Mem. Park. Amd. Sciences^ 1754 : but lately the substance of 
them has -appeared in various places. The student, by turning 
to page 47^^ of our first volume, will see that Mr. Smeaton 
arrived at the same conclusion ; although the greater extent 
and variety of his experiments enabled him to ascertain that 
this general position was subject to a limitation varying with 
circumstances, which a judicious engineer will always carefully 
discriminate. 

2. Undershot-’Wheels. To this class may be referred all wheels 
in which the motion of the water is more rapid than that of the 
float-boards of the wheel, so that the fluid impels them. The 
theory of this kind of water-whe^s being so exceedingly im- 
perfect, we can do little else than recommend to the student a 
cautious examination of the experiments of Smeaton. We have 
little to add to them here, except some results of He Parcieux 
and Bossut, who have shown by very good experiments that 
there is a sensible advantage gained by inclining the float-boarcls 
to the radius of the wheel about 20 degrees, so that each float- 
board wlien lowest shall not be vertical, but have its edge turned 
up the sti*eam about 20 degrees. Such inclination causes the 
water to heap up along the float-board, and act by its weight : 
the floats should therefore be made muci broader than the vane 
of water interrupted by them is deep. 

Some engineers observing the great superiority of overshot 
above undershot-wheels, driven by the same expense of power, 
have proposed to bring the water home to the lower part of the 
wlieef on an even bottom, and to make the float-board no deeper 
than the aperture of the sluice, which would permit the water 
to run out. The wheel they propose to be fitted with a close 
sole and rides, exactly fitted to the end of this trough, so that 
if the wheel is at rest, the water may be dammed up by the sole 
and float-board : it will, therefore, press forward the float-board 
with the whole force of the head of water. But this, however 
fipecious, cannot answer ; for if we suppose no float-boards, the 
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water uiii flow out at the faotioui, propell^ in the manner 
these gentlemen suppose; and it will be supplied from behind, 
the water coming slotchj from all parts of the trough to the 
hole below the wheel. But now add the floats, and suppose the 
wheel in motion with the velocity that is expected. The other 
floats must drag into motion all the water which lies between 
them, giving to the greatest part of it a motion far greater than 
it would have taken in consequence of the pressure of the water 
behind it ; and the water out of the reach of the floats will re- 
main still, which it would not have done independent of the 
float^boards above it, because it would have contributed to the 
expense of the whole. Bo that the motion which the wheel will 
acquire by this construction, must be widely different from 
what its projectors suppose. 

As far as w^e are able to judge, the best way of delivering tlie 
water on an undershot-wheel in a close mill coarse is, to let it 
slide <lown a very smooth channel, without touching the wheel 
till near its bottom, where the wheel should be exactly fitted to 
the course ; or, to make the floats much broader than the depth 
of the vein of water that glides down the course, and allow it 
to be partly intercepted by the first floats, and heap up along 
them, acting by its weight, after its impulse has been ex- 
pended. If the bottom of the course be an arch of a circle 
described with a radius much greater than that of the wheel, 
the water which slides down wflil be thus gradually intercepted 
by the floats. 

Attempts have been made to construct water- wheels w^hich 
receive the impulse obliquely, like the sails of a common wind- 
mill. This would, in many situations, be a great advantage; 
A very slow but deep river could in this manner be made to 
drive our mills ; and although much power is lost by the obli- 
quity of the impulse, the remainder may be very great. Dr. 
Robison speaks of a wheel of this kind which was very power- 
ful: it was a long cylindrical frame, having a plate staoding 
out from it about a foot broad, and surrounding it with a very 
oblique spiral, like a corkscrew. This was immersed about ^tn 
of its diameter (which was nearly feet), having its axis in the 
direction of the stream. By the work which it was performing, 
it seemed more powerful than a common wheel which occupied 
the same breadth of the river. Its length was not less than 20 
feet : had it been twice as much, it would have nearly doubled 
its powder without occupying more of the w’aterway. Perhaps 
such a spiral, continued quite to the axis, and moving in a 
hollow canal wholly filled by the stream, might be a very 
advantageous way of employing a deep and slow current. 

In July, ISOo, Mr. John Norton/ of Rolls-buildings, took 
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oat patent for an improvement in the construction of water- 
mills, which is exactly this of the spiral wheel : how far an 
invention which had been publicly described seven years 
before in the Encyclopedia Britannica ought to be secured to 
Mr. Norton by a patent, we need not decide. 

An undershot-wheel, with oblique float-boards, was invented 
by the late Mr. Besant, of Brompton ; on whose widow the 
Society of Arts, &c. in 1 801, conferred a reward of ten guineas ; 
and, as it promises to be of great service in many situations, we 
have given a representation of it in pL XXXV. 

Fig. 7. A, represents the body of the water-wheel, which is 
hollow, in the form of a drum, and is so constructed as to resist 
the admimon of water, b, is the axis on which the wheel turns, 
c, the float-boards, placed on the periphery of the wheel, each 
of which is firmly fixed to its rim, and to the body of the drum, 
in an oblique direction# n, is the reservoir that contains the 
water, e, the pen-stock, for regulating the quantity of water 
which runs to the wheel. E, represents the current that has 
passed such wheel. 

Fig. 8. is a front view of the water-wheel, exhibiting the 
oblique direction in which the float-boards, c, are placed. 

In the common water-wheels, more than half the quantity 
of that fluid passes from the gate through the wheel, without 
af&rding it any assistance: the action of the floats is resisted 
by the incumbent atmosphere, at the moment when these leave 
the surface of the tail- water ; and, as a similar proportion of 
water with that which passed between the floats at the head, 
necessarily flows between them at the tail, the motion of the 
wheel is greatly impeded. 0n the contrary, by Mr, Besant ’s 
contrivance, no water can pass, excepting that which acts with 
all its force on the extremity of the wheel ; and, as the floats 
emerge from j^e water in an oblique direction, the weight of 
the atmospteeis thus prevented from, taking any effect. Al- 
though his wheel is considerably heavier than those con- 
structed on the old plan, yet it revolves more easily on its axis; 
the water having a tendency to float it. Lastly, repeated ex- 
periments have proved Mr. Besant’s wheel to be so decidedly 


superior, that when working in deep tail-water, it will carry 
weights in the proportion of three to one ; on which account it 
will he particularly serviceable to tide-mills. See 

Mills with oblique floats are most useful for employing small 
stream?, which can be delivered from a spout with a great velo- 
city. M^Bossut has considered these with much attention, 
ana has ascertained the best modes of constiuction. There are 
two which have, nearly equal performances: L The vanes 
placed like those of a wind-mill round the rim of a 


WATJEE-WHEEti- SSI 

horizontal or vertical wheels and being made much broader 
than the vein of water which is to strike them perpendicularly. 
By these means it will be spread about on vane in a thin 
sheet, and exert a pressure nearly equal to twice the weight of a 
column, whose base is the orifice of the spout, and whose 
height is the fall producing the velocity. Mills of tliis hind 
are much in use in the south of Europe, The wheel is hori- 
zontal, and the vertical axis carries the mill-stone ; so that 
the mill is of the utmost simplicity, and this is no small recom- 
mendation. Drawings of such mills may be seen in Ramelli, 
Bockler, Leupold, and Belidor. See Bmmi de Hydrody- 
nmiique^ torn, n, 

% The vanes may be arranged round the rim of the wheel, 
not like the sails of a wind^mill, but in planes m to the 

radii, though parallel to the axis, or to the planes passing 
through the axis. They may eitlier stand on a sole, like the 
oblique floats recommended by De Parcieux, as before men- 
tioned ; or they may stand on the side of the rim, not pointing 
to the axis, but aside from it. This disposition will admit of 
the spout being more conveniently disposed either for a hori- 
zontal or a vertical wheel 

About the year 1746, a Mr. Williams, of Norwich, devised 
a water-wheel with oblique floats, of which several sets at 
I pleasure were arranged at suitable distances upon one and the 

same horizontal axle. This wheel could be used advantageously 
where no head of water could be procured and the current ran 
very slowly. The description of this contrivance was given in 
the PliiL No. 478, (New Abridgment^ Part 34.) iii 

terms nearly as below, 

1 The horizontal axis is cut into the form of an hexangular 

I prism, of dimensions suitable to the force required. Into this 

I several sets of rectangular holes are mortised, surrounding it, 

j or arranged at ecpial distances when measured along the face 

I of the prism. These holes are intended to receive diflerentsets 

i of sails made of iron plates, nearly 4 limes as long as they are 

broad, all which sails are weathered in the same manner as 
those designed for wind mills; only in these they are gradually 
curved till the extremities of their ends stand parallel to the 
planes of each end of the axis ; viz. those ends which are far- 
thest from the centre. Tins hexangular axle must, when em- 
ployed, be placed parallel to tlm moving stream, and may lie 
i even with its surface ; but the engine will act most vigorously 

. when it, and all the sails employed, are entirely under water. 

: Each set of these sails contains six in number, being placed 

orderly, one in each side of the prism, and are so contrived as 
I to be put in and taken out at pleasure. Whence it is concluded, 
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that when a single set of sails is made use of, the engine 
duces a single effect; when ^ sets, a double ; and so on, till the 
desired momentum is acquired, with the same quantity of 
running w^ater, provided there be room to fix a sufficient iiunv 
ber of sails. It is farther to be observed, that when this engine 
is placed with its sails made and weathered as above dmected, 
they will move with equal velocity, even supposing the current 
should change its course, and come upon them in quite a 
contrary direclioi!; as happens in j'ivers where the tide ebbs 
and flows. 

A model of this wheel was tried in the river at Norwich. It 
was fixed in a place where the water moved only 27 feet in 20 
seconds, in which time the first mover made six revolutions. Its 
diameter was no more than 26 inches ; yet it was capable of 
lifting 14 pounds 2 yards high, in the time just specified. The 
circumference of the first mover passed through a space of 42 
feet in 20 seconds, so that its velocity was nearly twice that of 
the stream. And as the momentum will be nearly in propor- 
tion to the number of the sets of sails that are employed, its 
effective force is capable of being greatly augmented, while the 
quantity of water remains the same. 

We have not been able to ascertain whether this expedient 
of Mr. Williams has been often tried ; but we have thought it 
right to describe it here, as it may furnish a hint which may 
probably be turned to advantage by a skilful engineer, especially 
in the erection of tide-mills. 

Floating Water-mills. Although we are in this country 
provided with many contrivances, in which the different powers 
of water, steam, wind, and animal force, have been successfully 
applied to the purpose of grinding corn into flour, yet we have 
not, till very lately, met 'with ^floating water-mills to be worked 
by tides or currents ; and which are moreover designed to 
put in motion machinery adapted to any kind of manufacture.— 
Messrs Polfreeman, of Long-acre, in conjunction with Messrs. 
Allen, Fossenden, and Gray, have purchased the patent-right 
of Mr. Hawkins, and have lately completed one of those mills ; 
which, by permission of the Board of Navigation, is stationed 
between London and Blackfriars-bridge. Such grant was ob- 
tained with the laudable view of reducing, if possible, the price 
of flour in the metropolis, and furnishing a constant supply of 
that necessary article of subsistence. — The simplicity of this in- 
vention renders a long description superfluous ; as it consists in 
merely applying the force of two or three water-wheels on each 
side ot a barge, or any other vessel better calculated to contain 
the interior part of the machinery. Were several mills of this 
kind to be stationed on the Thames, or any other river where 
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the tide ebbs and flows, there would doubtless numerous 
advantages result ; for they will be far less expensil^e than 
.steam-engines in the original erection, besides that they would 
lead to a considerable annual saving in the important article 
of coals. 

Some other remarks connected with the subject of water- 
mills will be found under the words Pe^jstock, 

StrExVm-measureus, and Tide-mills, in this volume: and 
chaps. and 4. book iv. of our first volume. For fartlier 
information, consult Fahre sur les Machines Hydrauliqms^ 

LangHthiJ'^s Uandbuch der itascJiinenlehiei %\se^yiQX band, 

])r. Brewsters useful additions to Fergmon*s Lectures^ or 
•some otlser of the treatises mentioned in the catalogue under 
the word Mill. 

WEIGHING-engihes, are often constructed in order to 
ascertain tlie weight of the loads on waggons and carts passing 
along turnpike-roads. To prevent the roads from being too 
much worn, it has been found expedient to fix by an act of 
parliament a certain load Ibr each breadth of wheel; and, that 
such loads may not be exceeded, there are weighing-machines 
at several of the toll-gates, by which the loads at the several 
w aggons, &c, passing through them can be determined. 

In some of these machines the contrivance is such, that the 
carriage whose load is to be w'eighed is lifted clear from the 
ground, by means of four strong chains and hooks attached to 
a large steel-yard, wliose fulcrum is raised eommonly by a com- 
bination of tooth and pinion- work, moved by a winch-handle : | 

but it is far better to have the business performed by means of 
apparatus placed under a horizontal Irame on which the car- 
riage may be drawn. 

The most compendious and economical machine of this kind 
that we have seen is one, first used for weighing the riders ot 
race-horses, and afterwards applied to the more reputable 
service of w'eighing loaded carriages. 

Fig. 5. pL XXXVII. is a plan of the machine ; klmn is 
the plan of a rectangular box, which has a platform lid or cover, 
of size sufficient for placing the wheels of i cart or waggon. 

The box is about a foot^deep, and is sunk into the ground till 
tlie platform-cover is even with the surfeee. In the iiiiddle ot 
the box is an iron lever supported on thefulcrum pin ik, formed^ 
like the nail of a balance, which rests with its edge on arches ot 
hardened steel fii mly fostened to the bottom of the box. This 
lever goes through one side of the box, and is furnished at its 
extremity with a hard steel pin alp formed to an edge 
below. In the very middle of the bo.x it is crossed by a third 
nail of hardened steel ch^ also formed to an edge, but on the 
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^pper side. These three edges are in one horizontal plane, as 
in a well-made balance. 

In the four corners a, a^, e, of the box are firmly fixed 
four blocks of tempered steel, having their upper surfaces 
formed into spherical cavities, well polished and hard tempered. 
ABODE represents the upper edge of an iron bar of considerable 
strength, which rests on the cavities of the steel-blocks in^ A 
and E, by means of two hard steel studs projecting from its 
under edge^ and formed into oteuse-angled points or cones. 
These points are in a straight line parallel to the side kn of the 
box. The middle part c of this crooked bar is faced with hard- 
tempered steel below, and is there formed into an edge parallel 
to lAE.and hy whiAit rests on the upper edge of the steel 
pin gkf which is in the lever. In a line parallel to ae, and on 
the upper side of the crooked bar ace, are fixed twn studs or 
points of hardened steel, b and d, projecting upwards above 
half an inch. The platform-cover has four short feet like a 
stool, terminated by hard steel studs, which are shaped into 
spherical cavities and well polished. With these it rests on 
the four steel points b, b’, d', d. The bar ace is kneed in such 
a manner vertically, that the points a* b, d, e, and the edge c, 
are all in a horizontal plane. These particulars will be better 
undarstood by looking at the elevation in fig. (5, What has 
been said of the bar ace must be understood as also said of the 
tor aVe^ 

Draw through the centre of the box the line abc perpen- 
dicular to the line ae, bd. It is evident that the bar ace is 
equivalent to a lever abc, having the fulcrum or axis ae 
^*esting with its.extremity c on the pin %, and loaded at b. 
It is also evident that ac is to ah as the load on this lever to 
ite pressure which it exei'ts on the pin gh^ and that the same 
subsists between the whole load on the platform, and 
the par^ure which it exerts on the pin gh. It will also appear, 
on an attentive consideration, that this proportion is no wise 
deranged,* in whatever manner the load is placed on the plat- 
itom. If very unequably, the two ends of the |)in gh may be 
^unequally pressed, and the lever wrenched and strained a little; 
tot the tMal pressure is not changed. 

^ > If there be now placed a balance or steel-yard at the side lk, 
in such a manner that one end of it may be directly above the 
pin Im in the end of the lever eof, they may be connected by 
M wire, or slender rod, and a weight on the other arm of the 
balance orste^-^yard maybe put in equilibrio with any load that 
can be laid on th^ platform. A small counterpoise being first 
hung on to balance the apparatui when unloaded, any additional 
weight will measure the Ipad.r^^Jaid on the platform. If ab 
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be to ae as 1 to 8, and eo to ef also as 1 to 8, and if a com- 
mon balance be used above, 64 pounds on the platform will be 
balanced by one pound in the scale, and every pound will be 
balanced by one-fourth of an ounce. This would be a very 
convenient partition for most purposes, as it would enable us to 
use a common balance and common weights to complete the 
machine : or it may be made with a balance of unequal arm% 
or with a steel-yard. 

Some have thought to improve this instrument by using 
edges like those of the nails of a balance instead of points j 
but unless made with uncommon accuracy, they will render 
the balance very dull. The small deviation of the two edges 
A and E, or of b and b, from perfect paralleHsm to kn, is 
equivalent to a broad surface equal to the whole deviation. 
We imagine that, with no extraordinary car% the machine 
may be made to weigh within the truth, which is 

exact enough for any purpose in commerce. 

It is necessary that the points be attached to the bars. Some 
have put the points at a and e in the blocks of steel fastened to 
the bottom, because the cavity there lodged water or dirt^, which 
soon destroyed the instrument with rust But this occasions a 
change of proportion in the first lever by any shifting of the 
crooked bars: and this will frequently happen when the wheels 
of a loaded cart are pushed on the platform. ‘The cavity in the 
steel stud should have a little rim round it, and it should be kept 
full of oil. In a nice machine a quarter of an inch of quicksilver 
would effectually prevent all these inconveniences. 

The simplest and most economical form of this machine is 
to have no balance or second steel-yard ; but to make the first 
steel-yard eof a lever of the first kind, viz. having the fulcrum 
between o and f, and allow it to project far beyond the box. 
The long or outward arm of this lever is then divided into a 
scale of weights, commencing at the side of the box. A coun- 
terpoise must be chosen, such as will, when at the beginning 
of the scale, balance the smallest load that will probably be 
examined. It will be convenient to carry on this s^ie by means 
of eke-wcights hung on at the extremity of the lever, and to use 
but one movable weight. By this method the divisions of the 
scale will have always one value. The best arrangement is as 
follows : place the mark 0 at the beginning of the scale, and 
let it extend only to 100, if for pounds; or to 112. if for cwts. ; 
or to 10 if for stones; and let the eke- weights be numbered 
1, 2, 3, &c. Let the lowest weight be marked on the beam. 
This is always to be added to the weiglit shown by the opera- 
tion. Let tlie eke-weights stand at the end of the beam, and 
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let the general counterpoise always liang at 0. When the dart 
is put on the platform, the end of the beam tilts up. Hang on 
the heaviest eke-weight that is not sufficient to press it do^vo. 
Now complete the balance by sliding out the counterpoise. 
Suppose the constant load to be 3 1 lbs., that the counter- 
poise stands at 86, and that the eke-weight is 9 ; we have tlie 
load = 986 + 312 = 1298 lbs. 


W ^\o\imG-‘apparatusJbr ^ 


Account of a new patent 


weighing-apparatus, invented by Mr. Hardie, of the Bengal 
warehouse. 

Although the o|^eration of weighing goods for sale or pay- 
ment of duty requires to be conducted in the way best calcu- 
lated to avoid mistakes, yet we find that the several modes now 
in use are subject to frequent error, through the complicated 
process of reckoning the totals of hundreds, quarters, and 
pounds respectively, and retaining them in memory until called 
to the book-keepers,* generally amidst the bustle of porters, 
carmen, cranemen, and others, at a time when the laborious 
exertions of lifting the heavy weights on and off the board 
render the weighers incapable of the close attention which an 
accurate performance of the operation demands. 

Experience shows, that in cases of mensuration the use of a 
scale greatly contributes both to accuracy and despatch. Mr. 
Hardie, therefor^, by means of giving the weights a certain 
form, has converted the operation of weighing into an opera- 
tion of mensuration, for the purpose of obtaining the important 
advantages of a scale, in the follbwing manner, viz. 

Fig. 1. pL XXXII. Plan of a board for the w^eights, about 
38 inches by 32 inches, capable of weighing a ton, on which 
are delineated two scales, one of larger divisions for the half- 
hundred weights, and the other of smaller divisions for the 
pound weights. 

Kg, 2. Plan of a half-hundred weight of cast-iron, a an 
excavation forming the handle without projecting. 

Fig. 3. Elevation of a half-hundred weight, a an excava- 
tion forming the handle, with b a hole for lead to adjust it. 

Fig, 4 and 5* Plans of two half-hundred weights, showing 
the manner they are placed to fill a square allotted for the 
amount of one hundred weight. 

Fig. 6. End elevation of the pound weights of brass fitted 
to the scale of one inch to a pound, the part scooped out at the 
sides being to receive the points of the fingers and thumb to lift 
them without handles. 

The larger weights are placed on their particular scale 
beginning at a on tlie left, and proceeding to the right, and so 
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on with each row. The first hundred weight covers the blank 
square ; the second, the square marked 1 ; the third, that 
marked 2 ; and and so on, respectively. 

The pound weights are placed on their particular scale, 
beginning at b on the left, and proceeding to the right. 

There is no scale for the quarter weights, being at most 
only two ill number, namely, a half hundred weight and a 
quarter-hundred weight, of which the total is evident by mere 
inspection, and which may be of any convenient shape, and 
placed conspicuously above the two weights which complete 
the hundreds. The totals of the hundreds and pounds are 
indicated by the numbers next to the weights respectively on 
the right hand. Hence it follows that the amounts of the 
weights on the boaixls in hundreds, quarters, and pounds, are 
accurately known to the weighers by mere inspection ; and that 
the book-keeper has it in his power, with a glance, to discover 
whether the weighers call the proper weight ; which is imprac- 
ticable by the present modes of weighing. Boards for weighing 
smaller quantities than a ton might be made on the same 
principle, for w^eights of the same dimensions, with scales 
adapted to the size of tfie board. It is to be understood that 
the weighing is performed without “ striking the weights,” 
which is the common phrase for lifting all the weights off the 
board each operation ; therefore an appropriate mode, accord- 
ing to situation and circumstances, must be adopted to support 
the board with the weights, while the package weighed is re- 
moving from its board to give place to another ; wdien, in some 
instances, the largeness of the package bulges out the ropes o* 
the board, rendering it necessary to raise the board with the 
weights a little higher. In some cases the prop, fig. 1. will 
.answer the purpose, the pinion being moved by a winch. In 
other cases the lever, fig. 8. might be adopted, and in particular 
instances, the whole beam and scales, with the goods and 
weights, might be raised and low^ered by the lever, fig. 9. 
assisted by the wheel and pinion. 

The greatest individual weight, for the purpose of being 
portable, is a half-hundred weight. The common balance is 
used w ith this weighing apparatus, as it proves to be the best 
kind of balance known; being more true for very ponderous 
bodies than the steelyard, which is sometimes used where great 
accuracy is not required. When a very light package is to be 
weighed with a board adapted for a much greater weight, a 
hook and eye are to be used at each of the two cords, suspend- 
ing the board for the weights at a and c, in order to sliorten 
them and prevent the board from leaning to one side. Where 
a chain instead of a rope is used, one of its links will s#rve as 
an eye to the hook. 
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WHEELS acting upon eacli other are the instruments by 
which the transmission of mechanic force from one part of a 
system of machinery to another is commonly and conveniently 
effected. The due connexion of the moving parts is accom- 
plished, either by the mutual action of proper formed teeth 
(see the article teeth in this volume), by straps or endless 
bands, or by the friction of one face of a wheel against another. 
The latter method has, when adopted, been generally in small 
light works, where the pressure upon the diferent parts of the 
machinery is never considerable. Mr. Nicholson saw a drawing 
of a spinning-wheel for children, at a charity school, in which 
a iayge horizontal wheel with a slip of buff leather glued on its 
upper surface, near the outer edge, drove 1£ spindles, at which 
im Sathe number of children sat. The spindles had each a 
small roller, likewise faced with leather, and were capable, by 
an easy and instantaneous motion, of being thrown into contact 
with the large wheel at pleasure. Each child, foerefore, could 
throw her own part of the apparatus into work, or cause it to 
stop, as often or as long as she pleased. The winding bobbins 
for yarn at the cotton-mills operate on the same simple and 
elegant principle, which possesses the advantage of drawing the 
thread with an equal velocity, whatever may be the quantity on 
the bobbin, and cannot break it. We are not aware that the 
same mode of communication has been adopted in large works, 
except in a saw-mill, by Mr. Taylor, of Southampton. In 
this the wheels act upon each other by the contact of the end 
grain of wood, instead of cogs : the whole makes very little 
noise, and wears very well: it has now been in use nearly twenty 
years. There is, of consequence, a contrivance to make the 
wheels bear firm against each other, either by wedges at the 
sockets, or by levers. This principle and method of transmitting 
mechtanic power certainly deserves every attention ; particularly 
asHii%^2^^mary mode by means of teeth requires much skill and 
care in the execution ; and, after all, wants frequent repairs- 

WIND-MILL, as its name imports, a mill for any purpose 
“which receives its motion from the impulse of the wind. 

The internal structure of wind-mills are, of course, much 
the same as those of water-mills : the difference betw^een them 
lying chiefly in the exterior apparatus, the one to receive the 
force of the water, the other that of the wind. The external 
apparatus in a wind-mill consists chiefly of the sails or vanes, 
which are commonly four, placed in nearly a vertical position, 
and as they turn giving a rotatory motion to an axis inclining but 
a little from the horizon. The usual construction and appear- 
ance of the sails is too well known to need any minute descrip- 
tion ; though it may be expected that w^e shall treat a little of 
the method of weathering the sails, &c. Now a pretty distinct 
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idea of the surface of wind-mill sails may be obtained by coru 
ceiving a number of triangles standing peipendicular to the 
horizon, in which the angle contained between the hypotheniise 
and the base is constantly diminishing: the hypothenuse of each 
triangle will then be in the superficies of the vane, and they 
would form that superficies if their number were infinite. 

Mr. Richard Hall Gower ^ a gentleman in the sea service of 
the East India Company, made some judicious experiments with 
a view of determining theproper angles of weather which ought 
to be given to the vanes of a vertical wind -miU; his general con- 
clusion is, that each vane should l>e a spiral generated by tho 
circular motion of a radius, and of a line moving at right angles 
to the plane of the circular motion. The construction he 
deduces from his inquiries is simple, being this : The length, 
breadth, and angle of weather at the extremitjr of a vane being 
given, to determine the angles of weather at different distances 
from the centre. 

Let AB, fig. 9. pL XXXV. be the lengthof the vane; Bcits 
breadth : and bcd the angle of weather at the extremity of the 
vane, equal to Q>0 degrees. W ith the length of the vane ab, and 
breadth bc, construct the isosceles triangle abc: from the 
point B draw bd perpendicular to cb, then bd is the proper 
depth of the vane. 

Divide the line ab into any number of parts (five, for instance); 
at those divisions draw the lines 1 b, :5o, and 4 h, parallel 
the line bc; also from the points of division l ,% and 4^ 
draw the lines ii, 2 k, 3l, and 4 * m, perpendicular to 
&c. all of them equal in length to bd. Join ei, fk, gb, and 
HM : then the angles lEi, 2 fk, Sgb, and 4mm, are the angles of 
weather at those divisions of the vane ; and if the trian^es be 
conceived to stand perpendicular with the plane of the paper, 
the angles i, k, l, and d, becoming the vertical angles, the 
hypothenuse of these triangles will, as before suggested, give 
a perfect idea of the weathering of the vane as it recedes from 
the centre. {PML Mmg.Mo. I4i*) ^ 

Some theoi’etical remarks on this subj^t are inserted in 
vol. i. art* 547. ■ ■ 

As the direction of the wind is very uncertain^ it becomes 
necessary to have some contrivance for turning the sails towards 
it, in order to receive its force in whatever way it may. turn ; and 
for this purpose two general methods are in use. In the one, 
the whole machine is sustained upon a movable arbour or axis, 
perpendicular to the horizon, wnicli is supported by a strong 
stand or foot very firmly fixed in the earth; and thus by means 
of a lever the whole machine may be turned round as occasion 
requires. In the othe' inethofi, only the roof, is circular, 
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can be turned round by means of a lever and rollers, upon which 
the circular roof moves. This last kind of wind‘mill is mostly 
built of stone, in the form of a round turret, having a large 
wooden ring on the top of it, above which the roof, which must 
likewise be of wood, moves upon rollers, as has been already 
mentioned. To effect this motion the more easily, the wooden 
ring which lies on the top of the building is furnished with 
a groove, at the bottom of which are placed a number of brass 
^truckles at certain distances, and within the groove is placed 
another ring, by which the whole roof is supported. Beams 
are connected with the movable ring, and a rope is fastened to 
one of them, which at the lower extremity is fitted to a wind- 
lass or axis in peritrochio i and this rope being drawn through 
an iron hook fixed at the ground and the windlass turned round, 
the sails and roof will be turned round also, in order to catch 
the wind in any direction. Both these methods of construction 
have their advantages and disadvantages. The former is the 
least expensive, as the whole may be made of wood, and of 
any form that is thought proper ; while the other requires a 
more costly building : and the roof being round, the building 
must also be so, while the former can be made of any form, but 
has the inconvenience of being liable to be carried off* altoge- 
ther by a very high wind. As both these methods of adjusting 
the windshaft require human assistance, it would be very de- 
sirable that the same effect should be produced by the action 
of the wind solely. This may be done by fixing a large wooden 
vane or weathercock at the extremity of a long horizontal arm, 
which lies in the same vertical plane with the windshaft. By 
this means when the surface of the vane and its distance from 
the axis of motion have sufficient magnitude, even a gentle 
breeze will so act upon this vane as to turn the machinery, and 
move the sail and windshaft to their proper position. This 
expedient may be adopted whether the mill has a movable 
roof or revolves iipcm a vertical shaft. 

In art. 50. of the Introductory part of this volume, we have 
stuted the principal results of the experiments and researches of 
Smeaton, relative to the shape, position, and magnitude of sails, 
when /6wr is the number adopted. To these it might be 
proper to add here, some of the remarks which have been made 
by Parent, Eu'er, and other philosophers: but as none of them, 
except a few by Coulomb, appear any way comparable in point 
of practical utility with those of Smeaton, and as they include, 
besides, some very intricate investigations, we conceive they 
may be onutted without any serious disadvantage to the 
student. 

We shall now, therefore, proceed to describe a w ind-mill, 




S6l 



j 

1 


varying in many respects from the coninion construction. This 
mill was invented by Mr. James Ferrier^ of North Curry, in 
Somersetshire, who received a premium from the Society of 
Arts, for this useful specimen of his ingenuity. Mr, Verrier 
lias contrived a register or regulator, by which the vanes are 
sulfered to yield and give w ay to the impetus of the wind^ 
when it is too forcible; and when it is too languid, it brings the 
vanes up to the wind, till its force is sufficient to give the mill 
a proper degree of velocity : by this contrivance, the wind is 
justly proportioned to the resistance or number of stones put to 
work, and the mill less liable to be set on fire, or destroyed by 
the violence of its motion. The vertical shaft of this mill is 
also much shorter than usual, in consequence oF which the 
whole building (and especially the floor on which the stones 
are placed) is considerably stronger, and less liable to vibrate 
than in the common mills. The substance of the following 
description of Mr. Verrier’s mill is given in Bailey's Aceotwi nf 
Machines^ approved by the Society (^‘ Arts, vol. li. p. 47, the 
edit of im 

This mill, which has eight quadrangular sails^ is represented 
in fig. 7. pi. XXXVII. where AAA are the three principal posts, 
^0 feet, inches long, 22 inches broad at their lower ex- 
tremities, 18 inches at their upper, and 17 inches thick. The 
column B is 1 2 feet, 1 0 1 inches long, i 9 inches in diameter at 
its lower extremity, and 16 inches at its upper : it is fixed in the 
centre of the mill, passes through the first floor e, having its 
upper end secured by the rails go. eee are the girders of 
the first floor, one of which only is seen, being 8 feet 6 inches 
long, 11 inches broad, and 9 thick : they are mortised into the 
principal posts aaa and the column b, and are about 8 feet S 
inches above the ground floor, ddd are three posts, 6 feet 44 
inches long, 9 inches broad, and 6 inches thick ; they are mor- 
tised into the girders ef of the first and second floor, 2 feet 4^ 
inches distant from the posts a, &c. eff are the girders of 
the second floor, 6 feet long, 11 inches broad, and 9 thick : 
they are mortised into the posts a, &c. and the rest upon the upper 
ends of the posts Uj See. The three rails ggg are 3 feet 1-4 
inches long, 7 inches broad, and 5 thick : they are mortised into 
the posts n and the upper end of the column u, 4 feet 3 inches 
above the floor to their upper edges, p is one of the arms 
which support jlie extremities of the bray-trees : its length is 2 
feet 4 inches, its breadth 8 inches, and its thickness 6 inches, 

^ I is one of the bray- trees into which the extremity of one of the 
bridge-trees k is mortised. Each bray-tree is 4 feet 9 inches 
long, 07 inches broad, and 7 thick ; and each bridge-tree is 4 
feet 6 inches long, 9 inches broad, and 7 thick, being curved 9 

VOL. II. oo 










562 MACHINES. 

inches from a right. lincj and furnished with a piece df brass on 
its upper surface to receive the under pivot of the millstones. 
fL are two iron screw bolts which raise or depress the fore ends 
of the bray-trees, mmm are three millstonebj and h nisi the 
iron spindles, each 9 feet long, on which the upper milistones 
are fixed, o is one of three wallowers which aie fixed on the 
upper ends of the spindles nnn : they are 16 inches in diameter, 
and each is furnished with 14 trundles , one of the carriage 

rails in which the upper pivot of the spindle turns, and is 4 feet 
2 inches long, 7 inches broad, and 4 thick. It turns on an iron 
bolt at one end, the other end sliding in a bracket fixed to one 
of the joists, and forms a mortise in which a wedge is driven to 
set the rail and wallower in or out of its work: t is the horizontal 
spur-wheel that gives motion to the wallowers; it is 5 feet 6 
inches diameter, is fixed to the perpendicular shaft t, and has 
42 cogs or teeth. The perpendicular shaft t is 9 feet 1 inch 
long, and 14 inches in diameter, having two iron spindles : the 
under spindle turns in a brass block let flush into the higher 
end of the column b; and the upper spindle turns in a brass 
plate inserted into the lower surface of the carriage rail c. The 
spur-wheel r is fixed on the upper end of the vertical shaft t, 
and is turned by the crown wheel -u on the windshaft c ; itis S 
feet two inches in diameter, and is furnished with 15 cogs. The 
carriage-rail c, which is fixed on the sliding kerb z, and supports 
the upper pivot of the vertical shaft, is 17 feet 2 inches long, 1 
foot broad, and 9 inches thick. YYois the fixed kerb, 17 feet 
S inches diameter, 14 inches broad and 10 thick ; being mortised 
into the posts aa a, and fastened with screw bolts. The sliding 
kerb z is of the same diameter and breadth as the fixed kerb, 
butits thickness is only 74: inches. It revolves on 12 friction 
rollers inserted on the upper surface of the kerb yyq, and has 4 
iron half staples y r, See. fastened on its outer edge, the perpen- 
dicular arms of which are 10 inches long, 2 mches broad, and 
1 inch thick, and embrace the outer edge of the fixed kerb to 
prevent the sliding one from being blown off‘. The capsills 
X, V, of the mill are IS feet 9 inches long, 14 inches broad, and 
1 foot thick : they are fixed at each end with strong iron screw 
bolts to the sliding kerb, and to the carriage-i^ail c. On the 
right [land of is seen the extremity of a cross-rail, which is 
fixed into the capsills x and v by strong iron bolts: ^ is a 
bracket 5 feet long, Itl inches in its extreme breadth, and 10 
inches thick ; it is bushed with a strong brass collar, in which 
the under spindle of the windshaft turns, and is fixed to the 
cross rail with iron screw bolts and nuts : h is another 
bracket 7 feet long, 4 feet broad, and 10 inches thick ; it is let 
into the fore ends of the capsills, and that it may embrace the 
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collar of the wiDclsliaft} it is divitled into two parts which are 
fixed together with screw bolts. The wdndsoaft c is 15 feet 
longs 2 feet in diameter at the fore endj and 18 inches at the 
back end: its pivot at the back end is 6 inches diameter ; and 
the shaft has a hole bored through it to admit an iron rod to 
pass easily through. The vertical crown wheel is 6 feet in 
diameter, having 54 cogs which turn the spur-wheel r. The 
bolster d, which is 6 feet 3 inches long, IS inches broads and 6 
thicks is tenoned into the cross rail directly^ under the centre 
of the windshafts having a brass pulley fixed in a mortise at its 
fore end. On the upper surface of this bolster is a groove m 
whicli the sliding bolt r moves, having a brass stud at its fore 
end. This sliding bolt is not distinctly seen in the figure, but 
the round top of the brass stud is visible below the letter k ; the 
back end of the iron rod that passes through the windshait 
bears against this brass stud. The sliding bolt is 4 feet 9 iimlies 
long, 9 inches broad, and 4 inches thick. At its fore end is fixed 
a line which passes over the brass pulley in the bolster, and 
appears at a with a weight attached to its other end, sufficient 
to make the sails face the wind that is strong enough to work 
the number of stones employed ; and when the pressure of the 
wind is more than sufficient, the sails turn on an edge, and press 
back the sliding bolt, which prevents their going with too great 
velocity ; and whenever the wind abates, the sails by the weight 
a are pressed up to their proper place again* ^ By this appa- 
ratus the wind is regulated and justly proportioned to dhe re- 
sistance or w^ork at any time to be performed ; a uniformity 
of motion is likewise secured, and the mill is far less liketyever 
to move with so rapid a motion as to lisque its destruction. 

That the reader may understand how these effects are pro- 
duced, we have represented, in fig. 8., the iron rod and the aniia 
which bear against the vanes, or sails; ah is the iron rod winch 
passes through the windshaft c in fig. 7. ; ft is the extremity 
which moves in the brass stud that is fixed upon tlie shdmg 
bolt; ai, ai, &c. are the cross arms at right angles to aft, 
whose extremities 2 , similarly marked in fig. i. beat upon the 
edges of the vanes. The arms m are di feet long, reckomng 
from the centre a, 1 foot broad at the centre, and 5 inches 
thick ; the eight arms See. that carry the sails, are 
Ion O', their greatest breadth is I foot, and their thickness 9 inches, 
grad nail V diminishing to their outer ends, where they are only 
8 inches in diameter : the inner ends of these arms are mortised 
into the windshaft. The 4 cardinal sails Ttiy aieeach 

18 feet loDo-, 8 feet broad at their outer ends, and S leet at their 
lower extremities ; p, &c. are the four assistant sails which 
have the same ciiniensions as the cardinal ones to which they 
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are joined by the line ssss. The angle of the sail’s inclination 
when first opposed to the wind is 45 degrees, and regokrly 
Idle same from end to end. 

It is evident from the preceding description of this machine^ 
that the windshaft c moves along with the sails: the vertical 
crown-wheel d drives the spur-wheel fixed upon the axis t, 
which carries also the spur-wheel t This wheel impels the three 
wallowers o, one of which only is seen in the figure ; . these 
being fixed upon the spindles &c. communicate motion to 
the turning mill-stones. 

Mr. John of Nottingham, took out a patent in 

September, 1804, for a method of clothing and unclothing the 
sails of windmills while in motion (provide they are made after 
the Dutch manner), by which the mill may be clothed either 
in whole or in part, in an easy and expeditious manner, by a 
few revolutions of the sails, whether they are going fast or slow, 
leaving the surface smooth, even and regular in breadth from 
top to bottom ; and in like manner the cloth, or any part of it, 
may be rolled or folded up to the whip at pleasure, simple 
and during machinery. The invention consists in either folding 
or unfolding the cloths while the sails are in motion, by me jus 
of cylinders, or rollers of aty shape, as long as the sails, with a 
toothed wheel at one end of each, working either directly or in- 
directly into two wdieels without arms, which are hung so as to 
turn upon a ring of iron fixed to the shaft-head close behind the 
back stocks, and which may be alternately stopped ; so that the 
wheels at the ends of the cylinders must directly, or by means 
of a connexion of wheels called carriers or nuts, work into 
them by revolving round them through the power of the wind 
acting on the sails ; so that tine cylinders must necessarily turn 
round, and roll up or fold, or unrol or unfold the cloth which is 
fastened to them, according to the respective wheel without 
arms which is stopped for that purpose. Such is the general 
contrivance: a detailed account, with figures, may be seen in 
the Repertory of Arts, &c. voL vi. N. S.^ 

Horizontal WinJmills. Although we do not class ourselves 
among the advocates for horizontal wind-mills, being aware 
that the force of the best of them is not, at the most favourable 
estimate, much more than one fourth of the force of a vertical 
mill having equal vanes ; yet, since there are some few situations 
and circumstances, in which the former can be adopted, where 
the latter would be useless, we may devote a little space to the 
description of one or two. 

Mr. Robert Beatsontook out a patent in October 1797, for 
a method of constructing horizontal mills, to be impelled either 
by wind or water. This gentleman’s exclusive principle consists 
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ill a peculiar method of constructing and disposing those sur- 
faces upon which wind^ water, he. shall act, in which by oppos- 
ing alternately a resisting and a non-resistingsurface, their whole 
force or impulse acts in a direct manner upon the resisting side 
j of a wheel, vane, &c. or other surface, in proportion to its 

extent; and when the moving force acts upon the other or 
xeturning side, the parts of the vane give way, and allow a 
I passage with little resistance, except what is occasioned by the 

thin edges of the constituent flaps, together with that small 
portion which consists of the force requisite to the raising up or 
opening of these 

I Thus fig, 9* pi. XX XVII. is a direct view or elevation of 

1 two opposite sides of an horizontal wind-mill, wherein ap and 

; EB are two of the upper arms, and bi and fg two of the lower 

I arms, of which there are generally four in number, crossing 

i each other at right angles, that is to say, four upper arms and 

four lower arms, ck is the vertical shaft into which the arms 
I are fixed. There are two rectangular frames, which may either 

be immoveably fixed between the upper and lower arms, or 
they may be made to slide backwards or forwards so as to be 
placed near to, or farther from, the vertical shaft, as shall be 
required. The surface or space contained within these frames 
- (which Mr. Beatson calls the vanes) is filled up, or covered, 

with any sort of thin light substance for the wind to act upon, 
as canvas, linen, leather,' or even paper or pasteboard, which, 
if thought requisite, may be prepared with oil, paint, varnish, or 
otherwise, in such a manner as to resist wet, and to enable the 
wind to act upon them with the more ejffect. Or these spaces 
or vanes may be covered with any other thin or light substance 
or substances suitable to the purpose. It will, however, be 
observed, that with whatever materials these vanes are covered, 
it must not be in one whole piece, but divided into a number of 
I small separate parts or flaps, placed in such a manner as to 

over- wrap each other a litUe. That is to say, if the mill is 
intended to turn round from left to right, the lower part of the 
upper flapl of the vane enclosed between ab and bi must 
over-wrap the upper part of the flap B. The lower part of 2 
must over-wrap the upper ;part of 3, &c., so that, all the over- 
I wraps being on the near side, the flaps will all be close shut 

when the wmd acts upon them, and consequently the vane will 
I receive its whole impulse the same as if it consisted of one 

i entire piece. The flaps in the opposite van ebeg must, how- 

ever, be suspended in a different manner. That is, the over- 
wraps must all be on the reverse or off side, by which means, 
while the wind shuts all the flaps on the left, or resisting side, 
and is acting thereupon with its full force, opens all those on 
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the right or non-resisting side, and passes through between 
them with little or no resistance except what is occasioned by 
their edges, which should be as thin as possible, that the resist- 
ance may be the less ; and if these flaps are properly suspended 
and counterpoised, the resistance will be nearly as small as if 
there were no covering at all upon the vane edfg. 

It is therefore evident, that if there are four of these per- 
forated vanes, crossing each other at right angles, when the wind 
acts upon the resisting side with all the flaps shut, and passes 
through the non-resisting side with all the flaps open, the former 
will be impelled forw'ard, and will be succeeded by tlie second 
vane, upon which the wind will then begin to act ; and thus, by 
the one vane succeeding the other, a constant rotation will be 
produced so long as there is wind sufficient to impel them for- 
ward : and it signifies not from what quarter the wind blows, 
as its effect will be the same upon vanes of this construction, 
which will always turn the same way with any wind. If the 
over-wraps were made on the near side of the right vane, and 
the off* side of the left, they would turn round the opposite way, 
as the right side would in that case become the resisting side, 
and the left the non-resisting. 

The flaps of the vanes should consist of thin light frames of 
metal, whalebone, or any other substance fit for the purpose of 
stretching the canvas, linen, &c. upon, and should be suspended 
by two small bolts, staples, or hinges, at the upper corners, 
upon which they should hang freely and loosely, so as to be 
easily opened by the wind; or, if they ai'e made of thin wood, 
or light plates of metal, there will be no occasion for stretching- 
frames, as the bolts or hinges may be fixed to their upper 
corners. 

The manner of stopping and regulating these mills may either 
be by a brake or gripe, as in the common wind-mills, or (what 
is perhaps better) by a contrivance for opening or shutting all 
the flaps of the vanes at pleasure. This may be done by small 
ropes or chains, fixed to about the middle of the lower edges of 
the flaps, and conducted over rollers or pulleys at the top of the 
vanes to the inner side of the mill ; by means of which ropes, 
or chains, all the flaps in the vanes may be at once drawn up 
when required. Other methods are given by Mr. Beatson. 
But these mills might be easily made to regulate themselves, 
according to the power of the wind, by means of bulky wxughts, 
or pendulums fixed to inflexible rods, and suspended out of the 
mill upon the arms or frames, or within it, in such a manner 
as to operate upon the sheaves or pinions, or the ropes that 
open the flaps ; which, if these balls or W'eights are ]>roperIy 
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akuated and constructed, they will do more or !e^ according 
to the velocity at which the vanes are moving, 

Mr, Beatsoii’s principle may likewise be applied to horkontal 
zoater--?niIls in proper situations ; especially for wheels to go 
under-water, in the current of a river, or by the ebbing and 
flowing of the tide, where the situation will not admit of any 
fail for under-shot or over-shot wheels, or when the river is apt 
sometimes to rise, and sometimes to fall, so much that such 
wheels cannot be used advantageously. 

At the same time, ivhere mills of some sort would be of great 
utility in raising water to supply towns, country seats, &c. or 
for other piiiposes, a wheel, on the principle here mentioned, 
might be used in such places to great advantage, as it would go 
either wholly under ’water, or partly so, and woidd always turn 
round the same Avay, whether the current w^as running down 
the river or up, as when affected by the tides, and therefore 
might be applied to tide-mills. 

The flaps for water-wheels of this sort may be made either 
of thin deal or other boards, or of thin plates of metal. These 
water-wheels may be stopped or regulated by a sluice on either 
side, to stop the current, or to admit only so much as is thought 
necessary ; and there may be other sluices to open at a suitable 
distance on both sides of the wheel, when the wdieel sluices are 
shut.^ 

Mr. Beatson proposes, likewise, to apply the same method 
of construction to several other objects and purposes, as to the 
pistons of pumps, oars, and sails for ships, ventilators, sluiees, 
buckets for W'ells, &c. for a more particular description of wbich 
we must I'efer the reader to vol. ii. of the Repertory of Arts and 
Manufactures, second series, where Mr. Beatson^s specifieatioii 
is published. 

xinother horizontal mill has been recently proposed by Mr. 
Jolm Jackson ; the following description of which has appeared 
in No. 4 of the Retrospeci of Philosophical and Mechmiipal 
Discoveries^ a very respectable and useful publication. ^ 

In this mill a stout vertical sliaft carries two pairs of horizon- 
tal arms, crossing each Other at right angles, so as to form 
suitable supports for the axles of four wheels carrying as many 
vanes, each placed at an equal distance from the vertical shaf t, 
and at quadrantal distances from one to another. Thei^ are 9 
toothed wheels arranged in the same horizontal plane, and mu- 
tually driving one another. The central wheel drives four others, 
which are called mcanw^heels; and these again, four others called 
extreme wdieels: the mean and extreme wheels are attached to 
the arms of their axles, and are carried about with them when 





568 


MACHINES. 


in motion ; the extreme wheels are fixed to their axles, and the 
vanes are fixed to those axles, and consequently turn with them. 
These vanes are posited with respect to each other, in such man- 
ner that their planes make angles of 45% 90°, 135°, and 180°> 
with some variable plane; so that while one vane is completely 
exposed to the wind, a second and fourth are opposed to it ob- 
liquely, and the third turns its end towards it, so as to off er but 
little resistance. Each of the extreme wheels has twice as many 
teeth as the central wheel ; of consequence, during one revolu- 
tion of the central wheel, each extrenje wheel turns half round, 
and each vane presents its sides alternately to the wind. The 
centre wheel consists of a drum or hollow shaft, through which 
the axle of the wheel passes. A handle is fixed to the lower 
extremity of the drum-shaft, by which the centre wheel is 
occasionally moved : this arm serves also as an index, and com- 
municates with a circle, representing the horizon, on which are 
tleliiieated the points of the compass. When the machine is in 
motion, the index is set and fastened to that point from which 
the wind blows, in order to adjust the position of the vanes with 
respect to the wind. Any motion of the index to the right or 
left of this point will alter the position of the vanes, and occasion 
a diminution of power in the machine ; and it is by this index 
that the machine is stopped, or made to turn in a contrary 
direction; a peculiarity, when referred to wind-mills, which 
exclusively belongs to this contrivance. 

An ingenious horizontal mill by Messrs. Ciaude Franpoise^ 
and Jean Vlmide dti Body is described in Recueil des Ma- 
chines et Inventions approuv&s par FA cad. Roy. des Sciences, 
tom. vii. Some judicious remarks on the comparative advan- 
tages of Horizontal and Vertical Wind-mills, and indeed much 
useful information on the subject of Wind-mills in general, may 
be found in the second vol. of Dr. Brewster's edition of Fergu- 
sofi^s Lecture?. 

For M. Prony’s expedient for equalizing the velocity and 
effects of wind' mills, see the article Cokbenser of* Forces in 
thisyolume. 

WIPERS, in some kinds of machinery, asoibmills, powder- 
miJIs, fulling-mills, are pieces projecting generally from ho- 
rizontal axles, for the purpose of raising stampers, pounders, 
or heavy pistons, in vertical directions, and then leaving them 
to fall by their own weight. 

"When the wipers are only small cylinders projecting perpen- 
dicularly from the surface of the horizontal arbor, on which 
they are fixed, the force with which they elevate the respective 
stampers will not act uniformly during the whold time in which 
they are rising ; yet, a uriiforniity of force and velocity is gc- 
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nerally a desirable thing to be attained ; and mgy always be 
effected by assigning a proper form to the wipers and comiinn- 
nicating parts. A few directions for the determination of the 
due shape are here given, for the use of the mechanic. 

Suppose that in fig. 15. pL XXXII. the circle described 
about the centre a is a vertical section of the arbor on which 
the wipers are placed ; and that the line ha shows the distance 
of an arm of one of the stampers from the centre a : describe 
with centre a and radius ah an arc hcd , . . Jc^ on which set ofi* 
the equal parts 5c, cd, ie^ c/J &c. as small as can conveniently 
be done : draw the radii acj ad., ae^ &c. on the extremities of 
which erect perpendiculars equal to the respectivearcs ci, db^ c//, 
&c. and continue them until the last of them is is equal to the 
height to which the stamper is to be elevated : this being done, 
draw the curve k 5 through the extremities of the several per- 
pendiculars to the radii, it will form an involute of the circular 
arc hk (which indeed may be either constructed thus or in the 
usual way at once, with a thread), and will be the figure that 
may be given to the upper surface of a wiper, when it is to give 
a uniform motion to the rising stamper. For as all the radii of 
curvature of n 5 are tangents to the circumference of the gene- 
rating circle M’, the arm ub of the stamper can never touch 
tlie wdper in more than one point (or horizontal line, whose 
section is a point). When it is the point for example, the 
radius ad which answers to the tangent M will be horizontal; 
of consequence M will be perpendicular to the horizon, and 
its extremity ^ alone will touch ; M at the same time will 
be the height to which the stamper will be raised. As the 
same thing will obtain at all the points where the arm m/; 
touches the wiper, the arm of the lever which communicates 
the force will be constantly the same, that is, it will be equal 
to ah ; and the arm of the lever at which the resistance acts 
being always equal to m5, it follows that the stampers will be 
raised entirely with a uniform force, and in a direction perpen- 
dicular to the horison. 

To determine the position of the point 7', or the magnitude 
of the arc kb^ the distance a5 must be known, and the circum- 
ference c of the circle found corresponding to this radius : then 
make the line l equal to the height to which the stamper is to 
be raised : and say as c to n, so is 360^ to the degrees and parts 
in the arc bk or the angle : draw from a the line bk^ mak- 
ing with ba the angle thus found, and k is then ascertained. 
Divide the line l and the arc bk into m evenly even number of 
parts, set off from the points c, d, a, &c. of the arc the tangents 
m arithmetical progression, and equal to the repective parts on 
the liiie l measured from one of its extremities ; and thus the 
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curve N^b will be traced with great facility. The shape of the 
wipers as they are fixed singly in the arbor will also appear 
from the. same figure. 

In the figure we have represented only one stamper and one 
wiper : but it often happens that 6, 8, 10, or more stampers are 
worked by wipers projecting from one horizontal arboi' : in this 
case the wipers should be so distributed that the resistance 
arising from all the stampers shall be as nearly as possible a con- 
stant quantity ; to effect this, let all the stampers be placed at 
equal distances in a line parallel to the axle or arbor ; let also a 
single spiral run once completely round from one end of the 
arbor to the other, and let the wipers be at equidistant posi- 
tions on this spiral: thus will all the stampers be raised and 
permitted to fall at equidistant intervals during every rotation 
of the arbor. 

Sometimes a small roller is fixed to the extremity of the arm 
Mby to diminish the friction ; and in this case a curve must bo 
drawn witli kSj parallel to it, and at a distance equal to the 
radius of the roller; this new curve exhibiting the shape and 
position of the upper face of the wiper. 

In some machines stampers or pistons are raised by giving a 
proper curvature to the arm M5, and fixing the roller upon the 
extremity of a bent bar, whose end is in the directionof a radius 
produced: in this case the arm must be shaped into part of a 
cycloid, the radius of whose generating circle is equal to the 
distance from the extremity of the wiper to the centre of the 
arbor ; and this curve must be placed at the outer part of the 
rollers, to form the lower face of the arm. 

The wiper may often be formed with great propriety like the 
iVixhimedean spiral, according to the method described by 
Dr. Brewster, and thus raise a stamper with a uniform motion. 
To this end let ah (fig. 12. pL XXXII.) be a wheel put into 
motion by any power which is sufficient to raise the weight 
JMX, by its extremity o, from o to C, in the same time that the 
wheel moves round one fourth of its circumference, it is re- 
quired to fix upon its rim awing obcdeh which shall produce 
this effect with a uniform effort. ^ Divide the quadrant oh 
into any number of equal parts mn^ &c. the more the bet- 
ter, and oe into the same number oh^ bc^ cd^ See, and through 
the points /?, h, draw the indefinite lines ab, ac, ajd, ae, 
and make ab equal to a&, ac to ac, ad to Ar/, and ae to ac ; 
then through the points o, B, c, n, e, draw the curve obcde, 
which is a portion of the spiral of Archimedes, and will be the 
proper form for the wiper or wing ohe. It is evident that 
when the point m has arrived at ,0» the extremity of the frame 
will have arrived at 5, because ab is equal to Ab; and for the 
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same reason, wlieii the points ir, have successively arrivecl 
at o, the extremity of the frame will have arrived at the cor- 
responding points Cj (Ij e. The motion therefore will be uniform, 
because the space described by the iveight is proportional to 
the space described by the moving power, o 6 being to oc, as 
om to on. If it be required to raise the weight mn with an 
accelerated OF retarded motion, we have only to divide the 
line 0^5 according to the law of acceleration or retardation, 
and divide the curve obcde as before* It is scarcely necessary 
to add, that the vertical bar between k and m must be kept 
from lateral deviations, by being made either to run between 
rollers, or to slide in a groove. 

We have all along supposed that the wheel or the arbor which 
carries the wipers turns upon a horizontal axis : we might 
exhibit methods by which stampers, See. could be raised uni- 
formly by wheels moving at right angles to the plane in which 
these stampers move; but such methods are intricate and not 
much to be recommended, as they may always be avoided by 
a small addition of the machinery, or some slight modifications 
in its general distribution. 

WOIICESTER, Marquis of, his Cefiturj/ Inventions. 
The curious and interesting tract, first published under tins 
title about the middle of the seventeenth century, though often 
referred to by mechanical writers, being but little known, and 
containing various striking hint|, some now matured, and others 
not yet completed ; it is conceived its entire insertion in this 
place w’ill be acceptable to the inquisitive reader. 

I. Several sorts of seals, some showing by screws, others by 
gages, fastening or unfastening all the marks at once : others by 
additional points and imaginary places, proportionable to ordi- 
nary escutcheons and seals at arms, each way palpably and 
punctually setting down (yet private from all others but the 
owner, and by his assent), the day of the month, the day of the 
week, the month of the year, the year of our Lord, the names 
of the witnesses, and the individnal place where any thing was 
sealed, though in ten thousand several places, together with the 
very number of lines contained in a contract, whereby falsifica- 
tion may be discovered, and manifestly proved, being upon good 
grounds suspected. 

Upon any of these seals a man may keep accounts of receipts 
and disbursements from one farthing to a hundred millions, 
jmnctually showing each poimd, shilling, penny, or farthing. 

By these seals likewise any letter, though written but in En- 
glish, may be read and understood in eight several languages, 
and in English itself to dean contrary and different sense, tm- 
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known to any but the correspondent, and not to be read or 
understood by him neither, if opened before it arrive unto him ; 
so that neither threats, nor hopes of reward, can make him 
reveal the secret, the letter having been intercepted, and first 
opened by the enemy. 

2. How ten thousand persons may use these seals to all and 
every of the processes aforesaid, and yet keep their secrets from 
any but whom they please. 

5. A cipher and character so contrived, that one line, with- 
out returns and circumflexes, stand for each and every of the 
twentj’--four letters ; and as ready to be made for the one letter 
as the other. 

4. This invention refined, and so abbreviated, that a point 
only shovveth distinctly and significantly any of the twenty-four 
letters ; and these very points to be made with two pens, so that 
no time will be lost, but as one riseth, the other may make the 
following letter, never clogging the memory with several figures 
for words, and combination of letters; which with ease, and 
void of confusion, are thus speedily and punctually, letter for 
letter, set down by naked and not multiplied points. And no- 
thing can be less than a point, the mathematical definition of 
being Oi0ti$ pars nulla. And of a motion no swifter imaginable 
than or yet applicable to this manner of 

writing. 

B, A way, by a circular motion, either along a rule or ring- 
wise, to vary any alphabet, even this of points, so that the self- 
same point individually placed, without the least additional 
mark of variation of place, shall stand for all the twenty-four 
letters, and not for the same letter twice in ten sheets wiiting ; 
yet as easily and certainly read and known, as if it stood but for 
one and the self-same letter constantly signified. 

6. How at a window, as far as eye can discover black fi'om 
while, a man may hold discourse with his correspondent, with- 
out noise made or notice taken ; being, according to occasion 
given, and means afforded, Ex re naid^ and no need of provi- 
sion before-hand ; though much better if foreseen, ainl means 
prepared for it, and a premeditated course taken by mutual 
consent of parties. 

7. A way to do it by night as well as day, though as dark as 
pitch is black. 

8. A way how to level and shoot cannon by night as well as 
by day, and as directly ; without a platform or measures taken 
by day, yet by plain and infallible rule. 

9- An engine, portable in one’s pocket, which may be carried 
and fastened on the inside of the greatest ship, Tanqiiam aliud 
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* aiid at aEy appoioted miniite, though a week after, either 

of a day or night, it shall irrecoverabiy sink that ship. ; 

j 10. A way from a mile off to drive and fasten a like engine 

f to any ship, so asit may punctually work the same efFect, either 

! for time or execution. * 

I 11. How to prevent and safeguard any ship from sucli an 

I attempt by day or night. 

j 12. A way to make a ship not possible to be sunk, tliou^h 

j shot an hundred times betwixt wind and water by cannon, and 

should lose a whole plank, yet, in half an hour’s time, should 
be made as fit to sail as before. 

13. How to make such false decks as in a moment should 
kill and take prisoners as many as should board the ship, with- 
1 out blowing tne decks up, or destroying them from being re- 

I ducible, and in a quarter of an hour’^s time should recover Oieir 

I former shape, and to be made fit for any employment, without 

I discovering the secret. 

I 14. How to bring a force to weigh up an anchor, or to do 

I any forcible exploit, in the narrowest or lowest room in any ship, 

I where a few hands shall do the work of many ; and many hands 

I applicable to the same force, some standing, others sitting, and 

I by virtue of their several helps, a great force augmented in little 

^ room, as effectually as if there were sufficient space to go about 

I with an axletree, and work far from the centre. 

15. A way how to make a boat work itself against wind and 
tide, yea, both without the help of man or beast; yet so that 
the wind or tide, though directly opposite, shall force the ship or 
boat against itself ; and in no point of the compass, but it shall 
be as effectual as if the wind were in the pump, or the stream 
actually with the course it is to steer, according to which the 
j oars shall row, and necessary motions work and move towards 

/ the desired port or point of the campass, 

j 16. How to make a sea-castle or fortification cannon-proof, 

and capable of a thousand men, yet sailabie at pleasure to de- 
; fend a passage, or in an hour’s time to divide itself into three 

ships, as fit and trimmed to sail as before : and even whilst it is 
a fort or castle, they shall be unanimously steered, and effec- 
tually be driven by an indifferent strong wind, 
j 17. Howto make upon the Thames a floating garden of 

' pleasure, with trees, flowers, banqueting houses, and fountains, 

* stews for all kinds of fishes, a reserve for snow to keep wine in, 
delicate bathing places, and the like; with music made witli 
mills; and all m the midst of the stream, where it is most 
rapid. 

18. All artificial fountain to be turned like an hour-glass, by 
a child, in the twinkling of an eye, it holding great quantity of 
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water, and of force sufficient to make snow, ice, and tliiioder, 
with a chirping and singing of birds, and showing of several 
shapes and effects, usuai to fountains of pleasure. ^ 

19. A little engine within a coach, whereby a child may stop 
it, and secure all persons within it, and the coachman himselt^ 
though the horses be never so unruly in a full career : a child 
being sufficiently capable to loosen them, in what posture so- 
ever they should have put themselves, turning never so short ; 
for a child can do it in the twinkling of an eye. 

^ 0 , Howto bring up water balance-wise, so that as little 
weight or force as will turn a balance will be only needful, 
more than the weight of the water within ,the buckets, which 
counterpoised, empty themselves one into the other, the upper- 
most yielding its water (how great a quantity soever it holds) 
at the self-same time the lowermost taketh it in, though it be an 
hundred fathom high. 

21. How to raise water constantly with two buckets only 
day and night, without any other force than its ow’-n motion, 
using not so much as any force, wheel, or sucker, nor more 
pulleys than one, on which the cord or chain rolleth with a 
bucket fastened at each end. This, I confess, I have seen and 
learned of the great mathematician Glaudius his studies at 
Rome, he having made a present thereof unto a cardinal; and 
1 desire not to own any other man’s inventions, but, if I set 
down any, to nominate likewise the inventor. 

22. To make a river in a garden to ebb and flow constantly, 
though twenty foot over, with a chikhs force, in some pri- 
vate room or place out of sight, and a competent distance 
from it. 

23. To set a clock in a castle, the water filling the trenches 
about it ; it shall show by ebbing and flo'wing the hours, mi- 
nutes, and seconds, and ail the comprehensible motions of the 
heavens, and counterlibation of the earth, according to Co- 
pernicus. 

24. How to increase the strength of a spring to such an 
height, as to shoot biimbasses and bullets of an hundred pound 
weight a steeple height, and a quarter of a mile off and more, 
stone-bow-wise, admirable for fire-works and astonishing of be- 
sieged cities, when without warning given by noise they find 
themselves so forcibly and dangerously surprised. 

25. How to make a weight that cannot take up an hundred 
pound, and yet shall take up two hundred pound, and at the 
self-same distance from the centre ; and so proportionably to 
millions of pounds. 

26. To raise weight as well and as forcibly with the drawing 
back of the lever as- with the thrusting it forwards : and by that 
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means to lose no time in motion or strength. This I saw in 
the Arsenal at Venice. 

27. A way to remove to and fro huge weights, with a most 
inconsiderable strength, from place to place. For example, 
ten ton with ten pounds, and less ; the said ten pounds not to 
fall lower than it makes the ten ton to advance or retreat upon 
a level, 

28- A bridge portable in a cart with six horses, which in a 
few hours time may be placed over a river half a mile broad, 
whereon with much expedition may be transported horse, foot, 
and cannon. 

29. A portable fortification able to contain five hundred fight- 
ing men, and yet in six hours time may be set up, and made 
cannon-proof, upon the side of a river or pass, with cannon 
mounted upon it, and as complete as a regular fortification, 
with half-moons and counterscarps. 

50. A \vay in one night’s time to raise a bulwark twenty or 
thirty foot high, cannon-proof^ and cannon mounted upon it, 
with men to overlook, command, and batter a town : for though 
it contain but four pieces, they shall be able to discharge two 
hundred bullets each hour. 

51. A way how safely and speedily to make an approach 
to a castle or town- wall, and over the very ditch, at noon-day. 

52. How to compose an universal character methodically 
and easy to be written, yet intelligible in any language ; so 
that if "an Englishman write it in English, a Frenchman, 
Italian, Spaniard, Irish, Welsh, being scholars ; yea, Grecian 
or Hebritian, shall as perfectly understand it in their own 
tongue, as if they were perfectly English, distinguishing the 
verbs from nouns, the numbers, tenses, and cases, as properly 
expressed in their own language as it was written in English. 

88. To write with a needle and thread, white, or any colour 
upon white, or any other colour, so that one stitch shall signi- 
ficantly show any letter, and as readily and as easily show the 
one letter as the other, and fit for any language. 

84. To write by a knotted silk string, so tliat every knot shall 
signify any letter with comma, full-point, or interrogation, and 
as legible as with pen and ink upon white paper. 

85. The like by the fringe of gloves. 

S6. By stringing of bracelets. 

''S7. '.'By pinked gloves, . 

88. By holes in the bottom of a sieve. 

.. 89. By a lattiii or plate lantliorn. 

40. By the smell. 

4’i. By the taste; ■ , 

42. By the touch. 
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By these three senses as perfectly, distinctly, aiul nncoii- 
fusedly, yea as readily as by the sight. 

43. How to vary each of these, so that ten thousand may 
know them, and yet keep the understanding part from any but 
their correspondent 

44. To make a key of a chamber door, which to your sight 
hath its wards and rose pipe but paper«thick, and yet at plea- 
sure in a minute of an hour shall become a perfect pistol, 
capable to shoot through a breast-plate commonly of carabine 
proof, with prime, powder, and firelock, undiscoverable in a 
stranger^s hand, 

45. How to light a fire and a candle at what hour of the 
night one waketh, without rising or put%g one’s hand out of 
the bed. And the same thing becomes a serviceable pistol at 
pleasure: yet by a stranger, not knowing the secret, seemeth 
but a dexterous tinder-box. 

46. How to make ah artificial bird to fly which w^ay and as 
long as one pleaseth, by or against the wind, sometimes chirp- 
ing, other times hovering, still tending the way it is designed for. 

47. To make a ball of any metal, which, thrown into a pool 
or pail of water, shall presently rise from the bottom, and con- 
stantly show by the superficies of the watep the hour of the day 
or night, never rising more out of the water than just to the 
minute it showeth of each quarter of the hour; and if by 
force kept under water, yet the time is not lost, but recovered 
as soon as it is permitted to rise to the superficies of the 
w-ater. 

48. A screwed ascent, instead of stairs, with fit landing- 
places to the best chambers of each story, with back stairs 
within the noell of it, convenient for servants to pass up and 
down to the inward rooms of them unseen and private. 

49. A portable engine, in way of a tobacco tongs, whereby 
a man may get over a wall, or get up again being come down, 
finding the coast proving unsecure unto him. 

50. A complete light portable ladder, which taken out of 
one's pocket may be by himself fastened an hundred foot high, 
to get up by from the ground. 

51. A rule of gradation, which, with ease and method, re- 
doceth all things to a private correspondence, most useful for 
secret intelligence. 

52. How to signify words, and a perfect discourse, by jan- 
gling of bells of any parish church, or by any musical instru- 
ment within hearing, in a seeming way of ton ing it, or of any 
unskilful beginner, 

5B. A way how to make hollow and cover a water screvr, as 
big and as long as one pleaseth, in ah easy and cheap way. 
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,54. How,, to: ,make.a ' water- screw tight, and yet transparent, 
and free' from' breaking ; but so clear, th;;t G,iie' may, palpably see 
the water, or aiiy,,lie,avy thing,, how and \vhY'ifis''nioiinted by 
tiirii,iDg. . ■, " ■ ', 

55. A do'uble water '-screw, the innermost to nr urn the r 
and the oiitermost for it to descend more in number ot' ihi'eutis, 
and consequently in quantity of Vvater, though much shorter 
than the ionermost screw, by wliicii the water ascendeth, a 
most extraordinary help for the:-tiirning of the'' screw .to make 
'the 'water 'rise. 

56. To provide and make that all tlie w’eights of the de-' 
scending side of a wheel shall be perpetually tarther from the 
centre than those of the mounting side, and yet equal in number 
and heft to the one side as the other. A most incredible thing, 
if not seen, but tried before the late king (of blessed memory) 
in the Tower, by ray directions, two extraordinary embassadors 
accompanying his majesty, and the Duke of Richmond, and 
Duke of Hamilton, with most of the Court attending him The 
wheel was fourteen foot over, and forty w'eights of fifty pounds 
a piece. Sir William Balfore, then Lieutenant of the Tower, 
can justify it, with seveixd others. The}’ all saw, that no sooner 
these great weights passed the diameter line of the lower side, 
but they hung a foot fartl^er from the centre, nor any sooner 
passed the diameter line of the upper side, but they hung a 
foot nearer, ifo pleased to judge the CDiisequeoce. 

57. An ebbing and flowing water-work in two vessels, into 
either of which the water standing at a level, if a globe be cast 
in, instead of rising, it presently ebbeth, and so remaineth until 
a like globe be cast into the other vessel, which the w’ater is no 
sooner sensible of, but that vessel presently ebbeth, and the 
other floweth, and so continueth ebbing and flowing until one 
or both of the globes be taken out, working some little effect 
besides its own motion, without the help of any man witliin 
sight, or hearing : but, if either of the globes be taken but with 
ever so swift easy a motion, at the very instant the ebbing 
and flowing ceaKeth : for, if during the ebbing you take out the 
globe, the water of that vessel presently returneth to flow, and 
iiever ebbeth after until the globe be returned into it, and then 
the motion beginneth as before. 

58. How to make a pistol to discharge a dozen times with 
one loading, and without so much as once new priming requi- 
site, or to change it out of one hand into the other, or stop one's 
horse. 

59. Another way as fast and effectual, but more proper for 
.carabines. 

6G. A way, with a flask appropriated unto it, which will 
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furnish either pistol or carabine with a dozen charges in three 
minutes tiaiCj to do the whole execution of a dozen shots, as 
soon as one pleaseth, proportionably. 

61. A third way, and particular for musquets, without taking 
them from their rests to charge or prime, to a like execution, 
and as fast as the flask, the musqiiet containing but one charge 
at a time. 

62. A way for a baniuebuss, a crock, or ship-musquet, six 
upon a carriage, shooting with such expedition, as without 
danger one may cliarge, level, and discharge them sixty times 
in a minute of an hour, two or three together. 

63. A sixth way, most excellent for sakers, differing from 
the other, yet as swift. 

6'i. A seventh, tried and approved before the late king (of 
ever blessed memory) and an Imndred lords and commons, in 
a cannon of eight inches half quarter, to shoot bullets of sixty- 
four pounds weight, and twenty-four pounds of powder, twenty 
times in six minutes ; so clear from danger, that, after all were 
discharged, a pound of butter did not melt being laid upon the 
cannon-britcb, nor the green oil discoloured that was first 
anointed and used between the barrel thereof, and the engine, 
having never in it, nor within six foot, but one charge at a 
time. 

65. A way that one man in the cabin may govern the whole 
side of ship-musquets, to the number (if need require) of 2 or 
3000 shots. 

66. A way that against several avenues to a fort or castle, 
one man may charge fifty cannons playing, and stopping when 
he pleaseth, though out of sight of t!ie cannon. 

67. A rare way likewise for musquettoons fiistened to the 
pummel of the saddle, so that a common trooper cannot miss 
to cliarge them, with twenty or thirty bullets at a time, even 
in fiill career. 

When Jirst I gmc to make gims shoot qften^ I 

thought that there had been but one oiihj exqumte toajj 
mventible : ^yei, by sevaxil triah^ and much charge y 1 have 
perfecily tried all these* 

68. All admirable and most forcible way to drive up water 
by fire, not by drawing or sucking it upwards, for that must be, 
as the philosopher callelh it, hdra sphcerani actlvitatis, which 
is blit at such a distance. ]3ut this way hath no bounder, if 
the vessels be strong enough ; for, I have taken a piece of a 
wliolc cannon, whereof llie end was burst, and filled it throe 
quarters lull of water, stopping ami screwing up the broken 
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eiidj^as also the tolich-fiole ; and making a constant fire under 
it, within twenty-foor hours it burst, and made a great crack : 
so that having a way to make my vessels, so that lliey are 
strengthened by the force within them, and the one to ii!l' after 
the other. I have seen the water run like a constant fountain 
stream forty foot high ; one vessel of water rarefied by fire 
diiveth up forty of cold water. And a man that tends the 
work is but to turn two cocks, that, one vessel of water being 
consumed, another begiiis to force and re-fill with cold water, 
ancl so successively, the fire being tended and kept CDiistant, 
\vhicli the seli-same person may likewise almiidantly perform 
in the interim, between the necessity of turning the said cocks. 

69. A way how a little triangle screwed key, not weighing a 
shilling, shall be capable and strong enough to bolt and unbolt 
round about a great chest, an hinulred bolts through fifty sta- 
ples, two in eacii, with a direct contrary motion, and as many 
more from both sides and ends, and at the self-same time shall 
fasten it to the place, beyond a man’s natural strength to take it 
away : and in one and the same turn, both locketh and openeth it. 

70. A key with a rose-turning pipe, and two roses pierced 
through endwise the bit thereof, with several handsomely con- 
trived wards, which may likewise do the same effects. 

71. A key perfectly square, with a screw turning within it, 
and more conceited than any of the rest, and no heavier than 
the triangle-screwed key, and doth the same eftects. 

72. An escutcheon to be placed before any of these locks 
with these properties. 

1. The owner (though a woman) may with her delicate 
hand vary the ways of coming to open the lock ten mil- 
lions of times, beyond the knowiecige of the smith that 
made it, or of me who invented it. 

2. If a stranger open it, it setteth an alarm a-going, whicli 
the stranger cannot stop from running out : and besides, 
though none should be within hearing, yet itcatchetli 
Ills hand, as a trap doth a fox ; and though far froni 
maiming him, yet it leaveth such a mark behind it, as 
will discover him if suspected ; the escutcheon or lock 
plainly showing what money he hath taken out of the 
box to a ffirtliing, and how many times opened since the 
owner had been in it. 

73. A transmittable gallery over any ditch or breach in a 
town-wall, With a blind and parapet cannon-proof. 

74. A. door, whereof the turmngof a key, \vith the help and 
motion of the handle, makes the hinges to be of either side, and 
to open either iiiv'^ard or outward, as one is to enter or to go 
out, or lO : 0 |>ai in luiif 
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75. How a tape or ribbon weaver may set down a whole 
discourse, without knowing a letter, or interweaving any thing 
suspicious of other secret than a new-fesliioned ribbon. 

76. How to write in the dark as straight as by day or candle 
light. 

'7'7. How to make a man to fly; which I have tried with a 
little boy of ten years old in a barn, from one end to the other, 
on an hay-mow. 

78. A watch to go constantly, and yet needs no other wind- 
ing from the first setting on the cord chain, unless it be 
broken, requiring no o^her care from one than to be now and 
then consulted with, concerning the hour of the day or night ; 
and, if it be laid by a week together, it will not err much, but, 
the oftener looked upon, the more exact it sheweth the time of 
the day or night. 

79. A way to lock all the boxes of a cabinet (though never 
so many) at one time, which were by particular keys appro- 
priated to each lock opened severally, and independent the one 
of the other, as much as concerneth the opening of them, and 
by these means cannot be left opened unawares. 

80. How to make a pistol-barrel no thicker than a shilling, 
and yet able to endure a musket-proof of powder and bullet. 

8L A comb-conveyance carrying of letters without suspi- 
cion, the bead being opened with a needle-screw, drawing a 
spring towards them ; the comb being made but after an usual 
form carried in one’s pocket. 

82. A knife, spoon, or fork, in an usual portable case, may 
have the like conveyance in their handles. 

83. A rasping-iTiill for hartshorn, whereby a child may do the 
work of half a dozen men, commonly taken up with that work, 

84. An instrument whereby persons, ignorant in arithmetic, 
may perfectly observe numerations and subtractions of all sums 
and fractions. 

85. A little ball made in the shape of plum or pear, being 
dexterously conveyed or forced into a body’s mouth, shall pre- 
sently shoot forth such and so many bolts of each side and at 
both ends as without the owner’s key can neither be opened or 
filed off^ being made of tempered steel, and as effectually locked 
as an iron chest. 

86. A chair made a-la-mode^ knd yet a stranger being per- 
suaded to sit down in it, shall have immediately his arms and 
thighs locked up beyond his own power to loosen them. 

87. A brass mould to cast candles, in which a man may make 
five hundred dozen irj a day, and add an ingredient to the tallow 
which will make it cheaper, and yet so that the candles shall 
look whiter and last longer. 
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. .88. How: to; make a brazen or stone head,, .in, the ..midst of a 
great field or garden, so artificial and natural, that though a 
man speak never so softly, and even whispers into the ' ear 
thereof, it will presently open its mouth, and resolve the ques- 
tion in French, Latin, Welsh, Irish, or .English, in good terms;,, 
uttcn'ing it out of his mouth, and then shut it until the next 
,questioii be asked. 

&9. White silk knotted in the fingers of a pair of white 
gloves, and so contrived without suspicion, that playing at 
Frimero at cards, one may, without clogging his memory, keep 
reckoning of all sixes, ■ sevens, and' aces, which he hath" dis- 
carded, 

90. A most dexterous diciog-box, with holes transparent, 
afier the usual fashion, with a device so dexterous, that, with a 
knock of it against the table, the four good dice are fastened, 
and It loosenetli four false dice made fit for his purpose. 

91. An artillcial horse, with saddle and caparizons fit for 
running at the ring, on which a man being mounted, with his 
lance in his liand, he can at pleasure make him start, and 
swiftly to rim his career, using the decent posture with boime 
grace^ may take the ring as handsomely, and running as 
swiftly as if lie rode upon a barbe. 

92. A screw made like a water-sc|'ew, but the bottom made 
of iron-plate spadewise, which at the side of a boat emptieth 
the mud of a pond, or raiseth gravel. 

93. An engine whereby one man may take out of the water a 
ship of five Imndred ton, so that it may be calked, trimmed, 
and repaired, without need of the usual way of stocks, and as 
easily let it do wm again. 

94 A little engine poi table in one’s pocket, which placed 
to any door, without any noise, but on a crack, openeth any 
door or gate. 

95. A double cross-bow, neat, handsome, and strong, to 
shoot tw^o arrows, either together, or one alter the other, so 
immediate!}^, that a deer cannot run tw’o steps, but if he miss 
of one arrow, he may be reached with the other, whether the 
deer run forward, sidew^arcl, or start backward. 

96. A way to make a sea-bank so firm and geometrically 
strong, that a stream can have no power over it ; excellent 
likewise to save the pillar of a bridge, being far cheaper and 
stronger than stone walls. 

97. An instrument wliereby an ignorant person may take any 
thing in perspective, as justly, and more than the skilfiillest 
painter can do. by iiis eye. . 

, 98. All engine .'SO coiitrivecl, that ' w’di4ing the prmum 
forward or baekwiiixl, or downward, circularly or 
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cornerwise, to and fro, straight, upright, or downright, yet the 
pretended operation continueth and advanceth, none of the 
motions above mentioned hindering, much less stopping the 
other ; but unanimously, and with harmopy agreeing, they all 
augment and contribute strength unto the intended work and 
operation : and therefore I call this a semi-omnipotent engine, 
and do intend that a model thereof be buried with me. 

99* How to make one pound weight to raise an hundred as 
high as one pound falleth, and yet the hundred pound de- 
scending doth what nothing less than one hundred pound can 
effect ^ 

100. Upon so potent a help as these two last mentioned in- 
ventions, a water-work is by many years experience and labour 
so advantageously by me contrived, that a child’s force bringeth 
up an hundred foot high an incredible quantity of water, even 
two foot diameter, so naturally, that the work will not be 
heard even into the next room ; and, with so great ease and 
geometrical symmetry, that though it work day and night from 
one end of the year to the other, it will not require forty shillings 
reparation to the whole engine, nor hinder one’s day-work. 
And I may boldly call it The most stupendous xsoj^lh in the 
whole imrld: not only with little charge to drain all sorts of 
mines and furnish ci^^^ with water, though never so high 
seated, as well to keep them sweet, running through several 
streets, and so performing the work of scavengers, as well as 
furnishing the inhabitants with sufficient water for their private 
occasions ; but likewise supplying the rivers with sufficient to 
maintain and make them portable from town to town, and for 
the bettering of lands all the way it runs; with many more 
advantageous, and yet greater effects of profit, admiration, and 
consequence. So that deservedly I deem this invention to crown 
my labours, to reward my expenses, and make my thoughts ac- 
quiesce in way of further inventions. This making up the whole 
century, and preventing any further trouble to the reader for 
the present, meaning to leave to posterity a book, wherein under 
each of these heads the means to put in execution, and visible 
trial, all and every of these inventions, with the shape and 
form of all things belonging to them, shall be printed by brass- 
plates. 

In Bonum Publicum, & ad majorem DEI gloriam. 

YARN, in general denotes the maniifiicture of wool, hemp, 
flax, cotton, Sic. converted into filaments or threads, which are 
subservient to a variety of useful purposes. 

^ Formerly, all yarn was spun or twisted by means of the 
distaiT, or wheel ; but lately, the ingenuit y of mechanics, and the 



powers of macliinery, have been called in aid to facilitate that 
operation : in J tme, ITS?, Messrs. John Kendrem and Thomm 
Fon'/io2f5e obtained a patent for their invention of a machine, 
upon new principles, designed to spin yarn from hemp, tow, 
flax, or wool.— As this privilege is now^ expired, and such con- 
trivance promises to be very useful in the woollen as well as 
other maniifactiires, we shall subjoin an account of the con- 
stroctioo, as extracted from the specification inserted in the 
Repertory of Arts and Manufactures. 

This machine may be worked by water, or as a horse-mill, or 
in any other way, and is made and used in the following manner. 
There is a cylinder, marked a in the drawing, fig. 1. plate 
XXXVIL, three feet diameter, and ten inches broad, made 
of dry wood or metal, turned true and covered on its circum- 
ference with a smooth leather, upon w’hich are placed the rollers 
marked B, covered with leather, and supported in their sitii- 
ati.ms by the slits in the covered piece of wood marked k in 
which the iron axes of the rollers turn, but suffers them to press 
on the wheel marked a. There must be another piece similar 
to the above, to support the other end of the rollers. These 
rollers are of different w^eights. The upper roller marked bx is 
two vStone, the rest decreasing to the last, which is only two 
pounds weight and one half. There is an iron fluted roller, 
marked f, furnished with a toothed wheel at each end, and a 
wood one, marked o, covered with cloth, and over it a smooth 
leather. There is an assisting roller, marked h, of fluted iron. 
These rollers are supported by their axes, turning in the sJit, 
marked % of the piece of wood, marked m (fig. S.), which is 
here separated from the end of the frame marked 8, to show 
the rollers and wlieel work. The rollers marked a and f arc 
squeezed together by means of the lever marked p, and its 
w eight marked zo (fig. S.)* The roller marked h is pressed to 
tlie mark a by its axis, acting upon the inclined plane marked .r 
(fig. 3-). There is a rubbing roller covered with woollen cloth, 
and on its axis is a small vdieel, maked i, driven by the wheel 
marked s. This roller I’csts upon the roller marked o, and by 
its motion prevents any dirt or fibres from adhering to it. There 
is a cloth, marked n, revolving over two rollers marked o, o, 
which has motion given to it from the wheel marked c, by 
means of another wheel marked f. This cloth moves at the 
same rate as the surfiice of the wheel marked a. There is a 
supporter, marked y, of the axis of the w heels marked o, 
but is removed, in order to show them ; it is fixed by its tenons 
ill the mortises marked z, z. The roller marked b is kept in 
action by its endeavour to slip down the inclined plane at the 
top of the piece marked % thereby pressing against there- 
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volving cylinder ; and another piece, similar to this, must be 
understood to support the other end of the roller's axis. By the 
side of this revolving cloth is a table placed, of the same length 
and breadth as the cloth is, to which belong two smooth cloths 
or leathers, of the same size as the table. The macliine being 
thus prepared, the attendant or workman must take a qoaiitity 
of hemp, tow, flax, or wool, more or less, according to the 
fineness of the thread to be made, and lay or spread it evenly 
upon one of the smooth cloths on the table, then place it on the 
revolving cloth marked n, motion being communicated to the 
roller marked f by wheel-work as usual, from a water, horse, 
or other kind of mill, which wheel- work is ^mmunicated to the 
wheel marked g, on whose axis is a nut, wSteh turns the wheel 
marked c; and thereby the cylinder marked a moves, and with 
it all the rollers; by which motion the hemp, tow, flax, or wool, 
is drawn forward. The cloth turns down, but the hemp, tow, 
flax, or wool, go upon the cylinder marked a, under the roller 
marked b, and so Forward under the rollers marked n, then 
falls in between the rollers marked g, f, turns under the roller 
marked g, and over the roller marked h, which, as it gives the 
rollers hold of the hemp, towq flax, or w'ool, in two places, 
enables them to draw forward the long fibres thereof, though 
many of them are to draw from under the marks 4 or 5 of the 
pressing-rollers marked d ; it then falls into a canister, marked 
R, and as by the wheel- work the rollers marked f, g, h, move 
three times faster than the cloth and cylinder, the sliver must 
be three times longer than when presented. By the time this is 
drawing, the other cloth is filled with hemp, tow, flax, or wool, 
as before, and laid upon the revolving roller, laying the hemp, 
to w, flax, or wool, over the end of the other, which goes for- 
ward as before, and thus a continued sliver is produced as long 
as the machine continues its motion. But in order that this sliver 
may come out of the canister marked r without entanglement, 
it must pass through an instrimient marked 5 (fig. 8.), placed 
over the rollers marked F, G, its open side marked t, to the 
cylinder at mark 4, supported by its ends marked v, v, in the 
slit marked w, of the before-described pieces marked k. ,The 
aperture x is so small as to press the fibres close to each other 
in their passage through it previous to their passing the rollers, 
by which means they remain pressed side by side in the sliver, 
and will not entangle. These thick slivers are drawn smaller 
by a similar process, and in the same manner are used for cot- 
tons ; but the machines for drawing are all of the same structure 
as the above, except that they have no revolving cloth. The 
sliver is applied to the cylinder under the roller marked b, which 
draws it forward under all the rollers, as before described, 
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drawing it ont^voriengtheiiiiig it, every fresh machine through 
which it presses^ till it be small enough for the spinning ma- 
chine. It must be remarked^ that the cylinders are made less 
ill diameter, according to the different smallness of the sliver 
intended to be drawn upon them at the first: whilst the sli 
is at its greatest thickness, the cylinder is required to be tin 
feet diameter, as above described, the next rather less, and so 
to the last, which is only two feet. The aperture of the bottom 
of the contractor belonging to each machine is also made one 
third part smaller than another in succession, from the greatest 
to the smallest cylinder; as also the drawing rollers marked 
F, o, H, are furthest from the pressing-roller marked n in the 
longest cylinder, and nearest at the smaller cylinder. At tlie 
largest cylinder the distance is about nine inches, and the 
smallest about four inches ; but their distance cannot in all 
cases be fixed, as it depends on the dijBTerent length of the 
slivers of the hemp, tow, flax, or wool ; long ones requiring the 
distances mentioned, and short ones requiring the distances 
much shorter than is here specified. 

The following several letters or marks are in the machine 
figured The spinning machine, as to its drawing principle, 
is the same as the drawing machine. The slivers are presented 
to it in canisters marked a, and drawn over a cylinder marked 
B covered with rollers marked n. The fibres which are to 
form the thread are drawn from the cylinder by the rollers 
marked c, the under roller of which is made of fluted iron, the 
other of wood, covered with leather; they move six or eight 
times faster than the cylinder marked b ; are enabled to draw 
the hemp, tow, flax, or wool, forward from under the pressing- 
rollers marked n, by being squeezed together with the weights 
and crooks marked a, locked to the small part of the rollers 
marked c. There is a belt of smooth cloth, marked e, moving 
on two rollers, which are turned by the wheel marked f, on 
the axis of the fluted roller ; at the opposite end of wliich, as 
at the mark o, is a nut, which turns the wheel marked h, on 
whose axis is another nut, turning the wheel marked i, and 
thereby the cylinder marked b, with all its rollers. These 
rollers move in curved pieces of wooden metal, marked k, 
which, to prevent confusion, are not represented in their places : 
they have slits in them, in which the rollers’ axis are guided, 
but so deep as at all times to suffer the rollers to press upon the 
cylinder. These rollers are covered with cloth and leather. 
The top roller is about ten pounds weight, decreasing to the 
sixth roller, which is only about one pound weight : the yarn is 
turned by the spindles marked l, and rubbed over the wet doth 
belt if spinning linen yarn, but if spinning worsted yarn the 
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belt must be removed, that it may not touch it as it passes to 
the spool, which it coils round as fast as the rollers let It out 
The spindles marked n are turned by a bolt from the wheel 
marked % which derives its motion from the mill, and by a 
wheel on its axis communicates it to the roller under the mark 
c by the wheel marked f, and so to the rest, as above de- 
scribed. The hemp, tow, flax, or wool, is twined in the same 
manner as cotton is by mills. 
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of M. Hauy’s Elementaey Treatise 

"oL^S^rp^S uTbS: 

. > 1 , ^^tter works, with the Mechanics, constitute 

ogether a complete System of Natural Philosophy. 

^ 4. In conjunction with Dr. Hutton, the third volume of A 
Course OF Mathematics for the use of the Gentlemen Cadets 

jn the Royal Military Academy, Woolwich. Price ISs. 

P^ktologia, a Universal Dic- 
complete in 12 vols. 

8 VO. Of this work, Dr. Gregory was the general Editor. 

_ 6. Letters to a Friend, on the Evidences, Doctrines, and 
Duties oe the Christian Religion. 2 vols. crown 8vo. 

mh edition. I4s. boards. 

ril' by Don Joseph Rodriguez, the 

Dr. Olinthus Gregmy, and others ; tending either to imnuun 
Je T^^no^etHca, S»™; of E„s.a„d*nS„ 

V. A new and improved edition of Dr. Hutton's Course of 
Mathematics, Vols. I. and II. The 3d vol. is also in the 

iriess^ With additions and improvements. 

p 10. Mathematics for Practical Men, being a Common 
Place-Book of Principles, Theorems, Rules, and Tables, in 
vanous departments of pure and mixed Mathematics, with 
their most useftil applications ; especially to the pursuits of 
Surveyors, Architects, Mechanics, and Civil Engineers. 8vo, 
With plates and many cuts. Price 14s. 
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